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^ (57) Abstract: The present invention relates to 3-substituted-5,6^iarylpyrazine-2-carboxaniide and -2-sultbnamide derivatives and 
Q processes for preparing such compounds, their use in the treatment of obesity, psychiatric and neurological disorders, to methods 

for their therapeutic use and to pharmaceutical compositions containing them. The compounds are cannabinoid receptor 1 (CBl) 

modulators. 
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3-substituted ^e-diaryl-pyrazine-Z-carboxamide and -2-sulfonamide derivatives as CB1 
modulators. 
Wftlri nf invention 

The present invention relates to certain S-substitoted^S^arylpyrazine^arboxairrides 
compounds of formula I, to processes for preparing such compounds, to their use in the 
treatment of obesity, psychiatric and neurological disorders, to methods for their 
therapeutic use and to pharmaceutical compositions containing them. 

ttarfr pround of the invention 

It is known that certain CB t modulators (known as antagonists or inverse agonists) are 
useful in the treatment of obesity, psychiatric and neurological disorders (WO01/70700 
and EP 656354). However, there is a need for CBx modulators with improved 
physicochemical properties and/or DMPK properties and/or pharmacodynamic properties. 

Pyrazinecarboxamides are reported to possess antithrombotic properties (WO 92/ 02513). 
The compounds disclosed in this document are disclaimed from the compound claims of 
the present invention. 5,6-Diphenyl-2-pyrazinecarboxyUc acid is disclosed in CH 458 361. 

a, Co-pending application PCT/GB02/05742 discloses compounds of the general formula (A) 
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15 



si JL 

X—-Y—NR R 



and pharmaceutical^ acceptable salts, prodrugs, solvates and crystalline forms thereof, in 
which 

25 R l and R 2 independently represent: 
aCi-ealkylgroup; 

an (amino^alkyl- group in which the amino is optionally substituted by one or more 
Ci. 3 alkyl groups; 
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2 

an optionally substituted non-aromatic C 3 -i5carbocyclic group; 
a (C 3 .i2cycloalkyl)Ci. 3 alkyl- group; 

a group -(CH 2 )r(phtenyl ) s in which r is 0,1, 2, 3 or 4, s is 1 when r is 0 otherwise s is 1 or 2 

and the phenyl groups are optionally independently substituted by one, two or three groups 

represented by Z; 

naphthyl; 

anthracenyl; 

a saturated 5 to 8 membered heterocyclic group containing one nitrogen and optionally 
one of the following: oxygen, sulphur or an additional nitrogen wherein the heterocyclic 
group is optionally substituted by one or more Ci. 3 alkyl groups, hydroxy or benzyl ; 
1-adamantylmethyl; 

a group - (CH 2 )t Het in which t is 0,1, 2, 3 or 4, and the alkylene chain is optionally 
substituted by one or more Ci- 3 alkyl groups and Het represents an aromatic heterocycle 
optionally substituted by one, two or three groups selected from a Ci-sallcyl group, a Ci- 
5 alkoxy group or halo; 

or R 1 represents H and R 2 is as defined above; 

or R 1 and R 2 together with the nitrogen atom to which they are attached represent a 
saturated 5 to 8 membered heterocyclic group containing one nitrogen and optionally one 
of the following: oxygen, sulphur or an additional nitrogen; wherein the heterocyclic group 
is optionally substituted by one or more Ci. 3 alkyl groups, hydroxy or benzyl; 
X is CO or SO2; 

Y is absent or represents NH optionally substituted by a C^alkyl group; 

R 3 and R 4 independently represent phenyl, thienyl or pyridyl each of which is optionally 

substituted by one, two or three groups represented by Z; 

Z represents a Ci. 3 alkyl group, a Ci. 3 alkoxy group, hydroxy, halo, trifluoromethyl, 
trifluoromethylthio, trifluoromethoxy, trifluoromethylsulphonyl, nitro, amino, mono or di 
Ci. 3 alkylamino, mono or di Ci- 3 alkylamido, Ci. 3 alkylsulphonyl, Q. 3 alkoxycarbonyl, 
carboxy, cyano, carbamoyl, mono or di Ci- 3 alkyl carbamoyl, sulphamoyl and acetyl; and 
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R 5 is H, a Cwalkyl group, a Ci. 3 alkoxymethyl group, trifluoromethyl, a hydroxyCi- 3 alkyl 
group, Ct. 3 alkoxycarbonyI, carboxy, cyano, carbamoyl, mono or di Ci. 3 alkylcarbamoyl, 
acetyl, or hydrazinocarbonyl of formula -CONHNR a R b wherein R a and R b are as 
previously defined for R 1 and R 2 respectively, 

with the proviso that when R 1 and R 2 together with the nitrogen atom to which they are 
attached represent 4-methylpiperazin-l-yl or R 1 represents H and R 2 represents methyl or 
l-benzylpiperidin-4-yl; X is CO; Y is absent and R 5 is H; then R 3 and R 4 do not both 
represent 4-methoxyphenyl; and their use in the treatment of obesity, psychiatric and 
neurological disorders. 



Description of the invention 

The invention relates to a compound of the general formula (I) 




and pharmaceutically acceptable salts thereof, in which 

R 1 and R 2 independently represent phenyl, thienyl or pyridyl each of which is 
independently optionally substituted by one or more groups represented by Z; 

Z represents a C^alkyl group optionally substituted by one or more: hydroxy; a C ^alkoxy 
group optionally substituted by one or more fluoro; a Q-gcycloalkyl group; a saturated or 
partially unsaturated 5 to 8 membered heterocyclic group containing one or more 
heteroatoms selected from nitrogen, oxygen or sulphur, or by a group NR 10 R n (in which 
R 10 and R u independently represent hydrogen, a C^alkyl group, a C^alkanoyl group or a 
C^alkoxycarbonyl group), or Z represents a Cs-scycloalkyl group, a Q. 6 alkoxy group 
(optionally substituted by one or more fluoro), hydroxy, halo, trifluoromethyl, 
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trifluoromethylthio, trifluoromethylsulphonyl, nitro, a group NR 10 R n (in which R 10 and R u 
independently represent hydrogen, a C^alkyl group, a Ci^alkanoyl group ot a Q- 
6 alkoxycarbonyl group), mono or di Ct- 3 al]cylamido, Ci. 3 alkylthio, Ci_ 3 alkyIsulphonyl, Q. 
3 alkylsulphonyloxy, Ci- 3 alkoxycarbonyl, carboxy, cyano, carbamoyl, mono or di Cu 3 alkyl 
carbamoyl, sulphamoyl, acetyl, an aromatic heterocyclic group which is optionally 
substituted by one or more halo, Ci^alkyl, trifluoromethyl or trifluoromethoxy and a 
saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one or 
more heteroatoms selected from nitrogen, oxygen or sulphur wherein the heterocyclic 
group is optionally substituted by one or more Ci- 3 alkyl groups, hydroxy, fluoro, benzyl 
or an amino group -NR x R y in which R x and R y independently represent H or C^alkyl ; 

R 3 represents a group of formula X-Y-NR 5 R 6 
in which X is CO orS02 

and Y is absent or represents NH optionally substituted by a Ci^alkyl group 

and R 5 and R 6 independently represent: 

a Ci^alkyl group optionally substituted by one or more hydroxy; 

an (amino)Ci^alkyl- group in which the amino is optionally substituted by one or more 
Q- 3 alkyl groups; 

a group (C3-t2cycloalkyl)(CH 2 ) g - wherein g is 0, 1, 2 or 3 wherein the cycloalkyl is 
optionally substituted by one or more fluoro, hydroxy, Q- 3 alkyl, Ci_ 3 alkoxy, 
trifluoromethyl or trifluoromethoxy; 

a group -(CH 2 )r(phenyl ) s in which r is 0, 1, 2, 3 or 4, s is 1 when r is 0 otherwise s is 1 or 2 

and the phenyl groups are optionally independently substituted by one or more groups 

represented by Z; 

naphthyl; 

anthracenyl; 

a saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one or 
more heteroatoms selected from nitrogen, oxygen or sulphur wherein the heterocyclic 
group is optionally substituted by one or more Ci_ 3 alkyl groups, hydroxy, fluoro, 
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trifluoromethyl, benzyl or an amino group -NR x R y in which R x and R y independently 
represent H or Ci^alkyl ; 
1 -adamantylmethyl; 

a group - (CH 2 )t Het in which t is 0, 1, 2, 3 or 4, and the alkylene chain is optionally 
substituted by one or more Q. 3 alkyl groups and Het represents an aromatic heterocyclic 
group optionally substituted by one, two or three groups selected from a Ci. 5 alkyl group, a 
d-salkoxy group or halo; 
or R 5 represents H and R 6 is as defined above; 

or R 5 and R 6 together with the nitrogen atom to which they are attached represent a 
saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one 
nitrogen and. optionally one of the following: oxygen, sulphur or an additional nitrogen; 
wherein the heterocyclic group is optionally substituted by one or more Ci- 3 alkyl groups, 
hydroxy, fluoro, trifluoromethyl, trifluoromethoxy, benzyl, C^alkanoyl or an amino group 
-NR x R y in which R x and R y independently represent H or Ci^alkyl; 

R 4 represents a group of formula (CH 2 ) n COOR 

in which n is 0, 1, 2, 3 or 4; and R 7 represents a C^iaalkyl group, a Cs-ncycloalkyl group 
or a (C 3 .i2cycloaIkyl)Ci. 3 alkyl- group each of which is optionally substituted by one or 
more of the following: a Chalky! group; fluoro, amino or hydroxy, or 

R 7 represents a group -(CH 2 ) a phenyl in which a is 0, 1, 2, 3 or 4 and the phenyl group is 
optionally substituted by one or more groups represented by Z which may be the same or 
different or 

R 7 represents a saturated or partially unsaturated 5 to 8 membered heterocyclic group 
containing one or more of the of the following: oxygen, sulphur or nitrogen; wherein the 
heterocyclic group is optionally substituted by one or more Ci. 3 alkyl groups, Ci- 3 acyl 
groups, hydroxy, amino or benzyl; or 
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R 4 represents a group of formula -(CH 2 ) 0 -0-(CH2)p- R 8 in which o and p independently 
represent an integer 0, 1, 2, 3 or 4 and each of the alkyl chains is independently optionally 
substituted by one or more Ci^alkyl groups, Ci^alkoxy groups or hydroxy and R 8 
represents a Ci-nalkyl group or a Ci.nalkoxy group or R 8 represents phenyl optionally 

Q 

independently substituted by one or more Z groups or R represents an aromatic 
heterocyclic group or a saturated or partially unsaturated 5 to 8 membered heterocyclic 
group containing one or more of one following: oxygen, sulphur or nitrogen wherein each 
of these rings is optionally substituted by one or more groups represented by Z which may 
be the same or different; with the proviso that R 4 is not a Q- 3 alkoxymethyl group unless R 3 
represents a group of formula X-YNR 5 R 6 in which X is CO and Y is absent and R 5 is H 
and R 6 is a C3.8 cycloalkyl group substituted by one or more fluoro or X is CO and Y is NH 
and NR 5 R 6 together represent a piperidino group substituted by one or more fluoro; or R 8 
represents a C 3 -acycloalkyl group or a Cs-gcycloalkenyl group optionally substituted by one 
or more groups represented by Z which may be the same or different; 

R 4 represents a C^alkyl group optionally substituted by one or more fluoro, hydroxy, or 
amino; or 

R 4 represents a group of formula -(CH 2 ) q R 9 in which q is 0, 1, 2, 3 or 4 and R 9 represents 
a C 3 .i 2 cycloalkyl group, a C 3 ,i2cycloalkenyI group, phenyl, an aromatic heterocyclic group 
or a saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one 
or more of one following: oxygen, sulphur or nitrogen wherein each of these rings is 
optionally substituted by one or more groups represented by Z which may be the same or 
different ; or 

R 4 represents a group of formula -L*R 9 in which L 1 represents a C 2 -6alkenylene chain 
optionally substituted by one or more Chalky! groups and R 9 is as previously defined; or 
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R 4 represents a group of formula -(CH 2 ) m -0-(CO)- R 10 in which m represents an integer 0, 
1, 2, 3 or 4, in which R 10 represents a C M2 alkyl group optionally substituted by one or 
more fluoro, hydroxy, or amino or R 10 represents a group of formula -(CH2)qR 9 in which 
q and R 9 is as previously described;or 

r 4 represents a group of formula CONR u R 12 in which R 11 and R 12 independently represent 
. H or a Q-salkyl group or a C^alkyl group substimted by one or more hydroxy groups 
provided that at least one of R 11 and R 12 is a hydroxyCi-salkyl group; or 

R 4 represents a group of formula -L 2 CN in which L 2 represents a C^alkylene chain. 



According to an embodiment of the present invention, R 1 and R 2 independently represent 
phenyl, thienyl or pyridyl each of which is independently optionally substituted by one or 
more groups represented by Z; 

Z represents a C^alkyl group, a C^alkoxy group, hydroxy, halo, trifluoromethyl, 
trifluoromethylthio, trifluoromethoxy, trifluoromethylsulphonyl, nitro, mono or di Q. 
aalkylamido, Ci. 3 alkylsulphonyI, C^alkylsulphonyloxy, Q-aalkoxycarbonyl, carboxy, 
cyano, carbamoyl, mono or di Q.jalkyl carbamoyl, sulphamoyl, acetyl, an aromatic 
heterocyclic group which is optionally substituted by one or more halo, C w alkyl, 
trifluoromethyl or trifluoromethoxy and a saturated or partially unsaturated 5 to 8 
membered heterocyclic group containing one or more heteroatoms selected from nitrogen, 
oxygen or sulphur wherein the heterocyclic group is optionally substituted by one or more 
d.aalkyl groups, hydroxy, fluoro, benzyl or an amino group -NR*R y in which R x and R y 
independently represent H or Ci^alkyl; 

R 3 represents a group of formula X-Y-NR 5 R 6 
in which X is CO orSCb 

and Y is absent or represents NH optionally substituted by a Cx. 3 alkyl group 
and R 5 and R 6 independently represent : 
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a Ci^alkyl group; 

an (amino jCi^alkyl- group in which the amino is optionally substituted by one or more 
Ci„3alkyl groups; 

a group (C3-i2cycloalkyl)(CH2)g- wherein g is 0, 1, 2 or 3 wherein the cycloalkyl is 
optionally substituted by one or more fluoro, hydroxy, Ci-3alkyl Ci^alkoxy, 
trifluoromethyl or trifluoromethoxy; 

a group -(CH 2 )i(phenyI ) s in which r is 0, 1 , 2, 3 or 4, s is 1 when r is 0 otherwise s is 1 or 2 

and the phenyl groups are optionally independently substituted by one or more groups 

represented by Z; 

naphthyl; 

anthracenyl; 

a saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one or 
more heteroatoms selected from nitrogen, oxygen or sulphur wherein the heterocyclic 
group is optionally substituted by one or more Ci. 3 alkyl groups, hydroxy, fluoro, 
trifluoromethyl, benzyl or an amino group -NR x R y in which R x and R y independently 
represent H or Ci^alkyl; 
1 -adamantylmethyl; 

a group - (CH2) t Het in which t is 0,1, 2, 3 or 4, and the alkylene chain is optionally 
substituted by one or more Ci^alkyl groups and Het represents an aromatic heterocyclic 
group optionally substituted by one, two or three groups selected from a Ci. 5 alkyl group, a 
Ci-salkoxy group or halo; 
or R 5 represents H and R 6 is as defined above; 

or R 5 and R 6 together with the nitrogen atom to which they are attached represent a 
saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one 
nitrogen and optionally one of the following: oxygen, sulphur or an additional nitrogen; 
wherein the heterocyclic group is optionally substituted by one or more more Ci. 3 alkyl 
groups, hydroxy, fluoro, trifluoromethyl, trifluoromethoxy, benzyl, Ci^alkanoyl or an 
amino group -NR x R y in which R x and R y independently represent H or Q^alkyl; 
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R 4 represents a group of formula (CH^COOR 7 in which n is 0, 1, 2, 3 or 4; and R 7 
represents a Q. 12 alkyl group, a C 3 . 12 cycloalkyl group or a (Cs-ucycloalkyDQoalkyl- 
group each of which is optionally substituted by one or more of the following: a C^alkyl 
group; fluoro, amino or hydroxy, or 

R 7 represents a group -(CH^phenyl in which a is 0, 1, 2, 3 or 4 and the phenyl group is 
optionally substituted by one or more groups represented by Z which may be the same or 
different or 

R 7 represents a saturated or partially unsaturated 5 to 8 membered heterocyclic group 
containing one or more of the of the following: oxygen, sulphur or nitrogen; wherein the 
heterocyclic group is, optionally substituted by one or more Ci- 3 alkyl groups, Ci- 3 acyl 
groups, hydroxy, amino or benzyl; or 

R 4 represents a group of formula -(CH 2 ) 0 -0-(CH2)p- R 8 in which o and p independently 
represent an integer 0, 1, 2, 3 or 4 and R 8 represents a Cnalkyl group with the proviso 
that R 4 is nota Ci. 3 alkoxymethyl group, or R 8 represents phenyl optionally independentiy 
substituted by one or more Z groups or R 8 represents an aromatic heterocyclic group or a 
saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one or 
more of one following: oxygen, sulphur or nitrogen wherein each of these rings is 
optionally substituted by one or more groups represented by Z which may be the same or 
different; 

R 4 represents a C^alkyl group optionally substituted by one or more fluoro, hydroxy, or 
amino; or 

R 4 represents a group of formula -(CH 2 ),R 9 in which q is 0, 1, 2, 3 or 4 and R 9 represents 
a Cs-ncycloalkyl group, phenyl, an aromatic heterocyclic group or a saturated or partially 
unsaturated 5 to 8 membered heterocyclic group containing one or more of one following: 
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oxygen, sulphur or nitrogen wherein each of these rings is optionally substituted by one or 
more groups represented by Z which may be the same or different; or 

R 4 represents a group of formula KCH2) m -0-(CO> R 10 in which m represents an integer 
0, 1, 2, 3 or 4, in which R 10 represents a Ci-ualkyl group optionally substituted by one or 
more fiuoro, hydroxy, or amino or R 10 represents a group of formula -(CH 2 )qR 9 in which 
q and R 9 is as previously described. 

It will be understood that where a substituent Z is present in more than one group that these 
substituents are independently selected and may be the same or different 

The term aromatic heterocyclic group means an aromatic 5-, 6-, or 7-membered 
monocyclic ring or a 9- or 10-membered bicyclic ring, with up to five ring heteroatoms 
selected from oxygen, nitrogen and sulfur. Suitable aromatic heterocyclic groups include, 
for example furyl, pyrrolyl, thienyl, oxazolyl, isoxazolyl, imidazolyl, pyrazolyl, thiazolyl, 
isothiazolyl, oxadiazolyl, thiadiazolyl, triazolyi, tetrazolyl, pyridyl, pyridazinyl, 
pyrimidinyl, pyrazinyl, 1,3,5-triazenyl, benzofuranyl, indolyl, benzothienyl, benzoxazolyl, 
benzimidazolyl, benzothiazolyl, indazolyl, benzofurazanyl, quinolyl, isoquinolyl, 
quinazolinyl, quinoxalinyl, cinnolinyl or naphthyridinyl, preferably fiiryl, pyrrolyl, thienyl, 
oxazolyl, isoxazolyl, imidazolyl, pyrazolyl, oxazolyl thiazolyl, isothiazolyl, oxadiazolyl, 
thiadiazolyl, triazolyi, tetrazolyl, pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or 1,3,5- 
triazenyl and more preferably pyrrolyl, thienyl, imidazolyl, oxazolyl or pyridyl. 

Suitable saturated or partially unsaturated 5 to 8 membered heterocyclic group containing 
one or more heteroatoms selected from nitrogen, oxygen or sulphur include, for example 
oxiranyl, oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, 2,3-dihydro-l,3-thiazolyI, 1,3- 
thiazolidinyl, pyrrolinyl, pyrrolidinyl, morpholinyl, tetrahydro-l,4-thiazinyl, 1-oxotetra- 
hydrothienyi, l,l-dioxotetrahydro-l,4-thiazinyl, piperidinyl, homopiperidinyl, piperazinyl, 
homopiperazinyl, dihydropyridinyl, tetrahydropyridinyl, dihydropyrimidinyl or tetra- 
hydropyrimidinyl, preferably tetrahydrofuranyl, tetrahydropyranyl, pyrrolidinyl, 
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morpholinyl, piperidinyl or piperazinyl, more preferably tetrahydrofuran-3-yl, tetrahydro- 
pyran-4-yl, pyrrohdin-3-yl, morpholino, piperidino, piperidin-4-yl or piperazin-l-yl. 

Further values of R 1 , R 2 , R 3 , R 4 » R 5 and R 6 in compounds of formula I now follow. It wiD 
be understood that such values may be used where appropriate with any of the definitions, 
claims or embodiments defined hereinbefore or hereinafter. 

In one particular group of compounds of formula I, R 1 and R 2 represent phenyl 
independendy optionally substituted by one or more chloro or methyl. 

In another particular group of compounds of formula I, R 3 represents CONHR k in which 
R k represents piperidino, 4,4-difluorocyclohexyl or C 3 ^alkyl optionally substituted by 
hydroxy. 

In afurther particular group of compounds of formula I, R ] represents triazolyl, tetrazolyl, 
imidazolyl, pyrrolyl, thiazolyl, oxazolyl, oxazinolyl, isoxazolyl, isothiazolyl, oxadiazolyl, 
thiadiazolyl, azolactonyl or azetidinyl each of which is optionally substituted by one or 
more of the following: morpholinyl, piperidinyl, pyrrolidinyl, a Q.aalkylthio group, a C 3 . 
scycloalkyl group, Csalkoxy, hydroxy, amino, C^alkylaniino, m(Ci^aIkyl)amino, or a 
Cwalkyl group optionally substituted by one or more of the following: Ci. 3 alkoxy, 
hydroxy, amino, Ci^lamino, m(C l ^l)amino, morpholinyl, piperidinyl or 
pyrrolidinyl or a group of formula CH(X)R p R q in which X is hydroxy, a C^alkoxy group, 
difluoromethoxy, C w alkyl, amino, d^alkylamino, di(C w alkyl)amino, morpholinyl, 
piperidinyl or pyrrolidinyl, R p represents hydrogen, a C«alkyl group or a C^cycloalkyl 
group and R q represents hydrogen, a C^alkyl group or a Ca-ecycloalkyl group or R> 
represents C^alkoxy group terminaUy substituted on carbon by one or more fluoro. 
Particularly u is 1. 

Particularly R j represents triazolyl optionally substituted by one or more of the following: 
morpholinyl, piperidinyl, pyrrolidinyl, a C^alkylthio group, a C^cycloalkyl group or a 
Ci^alkyl group optionally substituted by one or more of the following: Ci. 3 alkoxy, 
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hydroxy, amino, Ci^alkylamino, d(Ci^alkyl)amino, morpholinyl, piperidinyl or 
pyrrolidinyl or a group of formula CHPQR^ in which X is hydroxy, difluoromethoxy, 
Ci^alkyl, amino, Ci^alkylamino, di(Ci^alkyl)amino, morpholinyl, piperidinyl or 
pyrrolidinyl. 

Particularly R j represents tetrazolyl, optionally substituted by one or more of the following: 
morpholinyl, piperidinyl, pyrrolidinyl, a d_ 3 alkylthio group, a C3-6cycloalkyl group or a 
Ci^alkyl group optionally substituted by one or more of the following: Ci^alkoxy, 
hydroxy, amino, Ci^alkylamino, di(Ci^alkyl)amino, morpholinyl, piperidinyl or 
pyrrolidinyl or a group of formula CH(X)R p R q in which X is hydroxy, difluoromethoxy, 
C^alkyl, amino, Q^alkylamino, di(Ci^alkyl)amino, morpholinyl, piperidinyl or 
pyrrolidinyl. 

One particular group of compounds of formula I is represented by formula Ea 



Q 




I la 

wherein R l and R 2 independently represent phenyl optionally independently substituted by 
halo or pyridyl, 

R 4 represents a C«alkyl group, a group CH 2 OR 8 in which R 8 is a C^alkyl group, a group 
CO2R 7 in which R 7 represents a C^alkyl group, 
and Y is represents NH and 
R 5 represents H and 

R 6 represents perfluorophenyl or phenyl optionally substituted by trifluoromethyl or R 5 and 
R 6 together with the nitrogen to which they are attached represent piperidino, morpholino 
or piperazino each of which is optionally substituted by one or more Q. 3 alkyl groups, 
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hydroxy, fluoro, trifluoromethyl, trMuoromethoxy, benzyl, Q^alkanoyl or an amino group 
-NR*R y in which R x and R y independently represent H or Ci-*alkyl; 

or Y is absent and 

R 5 represents H or a C^aUcyl group optionally substituted by amino; 

R 6 represents tetrahydropyranyl or 4- piperidinyl optionally substituted by one or more d. 

3 alkyl groups, hydroxy, fluoro, trifluoromethyl, trifluoromethoxy, benzyl, C^alkanoyl or 

an amino group -NR x R y in which R x and R y independently represent H or C^alkyl or a Q. 

6 alkyl group optionally substituted by amino; 

or 

R 3 and R 6 together with the nitrogen to which they are attached represent piperidino, 
morpholino or piperazino each of which is optionally substituted by Q.salkyi or fluoro. 
A second particular group of compounds of formula I is represented by formula Hb 




3 



O 

lib 

wherein R 1 and R 2 represent phenyl independently optionally substituted by one or more 
chloro; and 

R 7 represents butyl, fert-butyl, cyclohexyl or benzyl. 

A third particular group of compounds of formula I is represented by formula He 
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lie 

wherein R 1 and R 2 represent phenyl independently optionally substituted by one or more 
chloro or methyl; 
u is 0, 1,2, 3, or 4; 

R j represents triazolyl, tetrazolyl, imidazolyl, pyrrolyl, thiazolyl, oxazolyl, oxazinolyl, 
isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, azolactonyl or azetidinyl each of which 
is optionally substituted by one or more of the following: mbrpholinyl, piperidinyl, 
pyrrolidinyl, a C^alkylthio group, a C 3 -6cycloalkyI group, d- 3 alkoxy, hydroxy, amino, Q. 
6 alkyIamino, di(Ci^alkyl)amino, or a C^alkyl group optionally substituted by one or more 
of the following: Ci- 3 alkoxy, hydroxy, amino, Q^alkylanrino, di(Ci^alkyl)amino, 
morpholinyl, piperidinyl or pyrrolidinyl or a group of formula CHPOR 1 ^ in which X is 
hydroxy, a Ci^alkoxy group, difluoromethoxy, Ct^alkyl, amino, Ci^alkylamino, di(Ci. 
6 alkyl)amino, morpholinyl, piperidinyl or pyrrolidinyl, R p represents hydrogen, a Chalky! 
group or a C 3 -6cycloalkyl group and R q represents hydrogen, a Ci^alkyl group or a C 3 - 
6 cycIoalkyl group or R j represents Q^alkoxy group terminally substituted on carbon by 
one or more fluoro; and 

R k represents piperidino, 4,4-difluorocyclohexyl of Ca^alkyl optionally substituted by 
hydroxy. 

In a particular group of compounds of formula He, R 1 and R 2 represent phenyl 
independently optionally substituted by one or more chloro or methyl; 
R j represents triazolyl or tetrazolyl each of which is optionally substituted by one or more 
of the following: a Ci- 3 alkylthio group, a C^cycloalkyl group or a Ci^alkyl group 
optionally substituted by one or more of the following: Ci„ 3 aIkoxy, hydroxy, amino, Q. 
6 alkylamino, di(Ci^alkyl)amino, morpholinyl, piperidinyl or pyrrolidinyl or a group of 
formula CH(X)R p R q in which X is hydroxy, difluoromethoxy, Ci^alkyl, amino Q_ 
6 alkylamino, di(Ci^alkyl)amino, morpholinyl, piperidiyl or pyrrolidinyl, R p represents 
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hydrogen, a C^alkyl group or a C 3 -6cycloalkyl group and R q represents hydrogen, a Q. 
6 alkyl group or a C 3 -6cycloalkyl group or R j represents Ci^alkoxy group terminally 
substituted on carbon by one or more fluoro; and u is 0 or 1; and 

R k represents piperidino, 4,4-difluorocyclohexyl or C^alkyl optionally substituted by 
hydroxy. 

"Pharmaceutical^ acceptable salt", where such salts are possible, includes both 
pharmaceutical^ acceptable acid and base addition salts. All tautomers, where possible, 
are included within the scope of the invention. 

Throughout the specification and the appended claims, a given chemical formula or name 
shall encompass all stereo and optical isomers and racemates thereof as well as mixtures in 
different proportions of the separate enantiomers, where such isomers and enantiomers 
exist, as well as phaimaceutically acceptable salts thereof. Isomers may be separated using 
conventional techniques, e.g. chromatography or fractional crystallisation. The 
enantiomers may be isolated by separation of racemate for example by fractional 
crystallisation, resolution or HPLC. The diastereomers may be isolated by separation of 
isomer mixtures for instance by fractional crystallisation, HPLC or flash chromatography. 
Alternatively the stereoisomers may be made by chiral synthesis from chiral starting 
materials under conditions which will not cause racemisation or epimerisation, or by 
derivatisation, with a chiral reagent All stereoisomers are included within the scope of the 
invention. 

The following definitions shall apply throughout the specification and the appended 
claims. 

Unless otherwise stated or indicated, the term "alkyl" denotes either a straight or branched 
alkyl group. Examples of said alkyl include methyl, ethyl, n-propyl, isopropyl, n-butyl, iso- 
butyl, sec-butyl and t-butyl. Preferred alkyl groups are methyl, ethyl, propyl, isopropyl and 
tertiary butyl. 
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Unless otherwise stated or indicated, the term "alkoxy" denotes a group O-alkyl, wherein 
alky] is as defined above. 

Unless otherwise stated or indicated, the term "halogen" shall mean fluorine, chlorine, 
bromine or iodine. 

Specific compounds of the invention are one or more of the following: 

tert-butyl 5,6-bis(4-cMorophenyl)-3-[(piperidin- l-ylamino)carbonyl]pyrazine-2- 
carboxylate; 

butyl 5,6-bis(4-chlorophenyl)-3-[(piperidin- 1 -ylamino)carbonyl]pyrazine-2-carboxylate; 
cyclohexyl 5,6-bis(4-chlorophenyl)-3-[(piperidin-l -ylamino)carbonyl]pyrazine-2- 
carboxylate; 

benzyl 5,6-bis(4^Uorophenyl)-3-[(piperi 

tert-butyl 5,6-bis(4-chIorophenyl)-3-( { [cis-2-hydroxycyclohexyl]amino }carbonyl)- 
pyrazine-2-carboxylate; 

tert-butyl 5,6-bis(4-chlorophenyl)-3-({ [tnuis-2-hydroxycyclohexyl]amino}carbonyl)- 
pyrazine-2-carboxylate; 

tert-butyl 5,6-bis(4-cMorophenyl)-3-({2-[4-(trifluoromethyl)phenyI]hydrazino }carbonyl)- 
pyrazine-2-carboxylate; 

tert-butyl 5,6-bis(4-cMorophenyl)-3-[(morpholin-4-ylamino)carbonyl]pyrazine-2^ 
carboxylate; 

tert-butyl 5,6-bis(4~cMorophenyl)-3-({2-[4-(te^ 
carboxylate; 

3-(tert-butoxymethyl)-5,6-bis(4-cM 

5,6-bis(4-chlorophenyl)-3-(cyclohexylidenemethyl)-N-piperidin- 1 -ylpyrazine-2- 
carboxamide; 

5,6-bis(4-chlorophenyI)-3-(cyanomethyiy^ 
5,6-bis(4-chlorophenyI>3-(l-methoxyethyl^ 

tert-butyl 5,6-bis(4-chlorophenyl)-3-{ [(2-hydroxy-l-methylethyl)amino]caibonyI }- 
pyrazine-2-carboxylate; 
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tert-butyl 5,6-bis(4-cttorophenyl)-3-{[(44 
2-carboxylate; 

tert-butyl 5,6-bis(4^Moroph^ 

tert-butyl 5,6-bis(4n:Worophenyl)-3-{[(l^thylpropyl)aniino]caibonyl}pyrazine-2- 
carboxylate; 

tert-butyl 5,6-bis(4-cUorophenyl)-34[(4,4^uoropiperidin-l-yl)amino]carbonyl}- 

pyrazine-2-carboxylate; 

5,6-bis(4-cMorophenyl)-N-piperidm-^^ 

yl)methyl3pyrazine-2-carboxamide; 

5,6-bis(4-cmorophenyl)-3-{[4Kl-hydroxyethyl)-lH-l,2,3-triazol-l-yl]methyl}-N- 
piperidin-l-ylpyrazine-2-carboxamide; 

5,6-bis(4^Morophenyl)-3-{[5<l-hydroxyethyl)-lH-l,2,3-triazol-l-yllmethyl}-N- 

piperidin-l-ylpyrazine-2-carboxamide; 

ferf-butyl {[l-({5,6-bis(4-cMorophenyl)-3-[^ 

yl }methyl)-lH-l ,2,3-triazol-4-yl]methyl} carbamate; 

tert-butyl {[l-({5,6-bis(4-cMorophenyl)-3-[(piperidto-l-ylaimno)carbon 

yl}methyl)-lH-l,2,3-triazol-5-yl]methyI}carbamate; 

3-{[4-(ammomemyl)-lH-l,2>tria^^ 

l-ylpyrazine-2-carboxamide; 

3-{[5-(aminomemyl)-lH-l,23-triazol-l-yl]methyl}-5,6-bis(4-chloroph^ 

l-yIpyrazine-2-carboxainide; 
5,6-bis(4-cMorophenyl)-3-(phenoxyra^ 
5,6^bis(4-cMorophenyl)-3-(morphofo^ 
carboxamide; 

5^bis(4-cMorophenyl)-3-(piperidm-l-ylme^ 
carboxamide; 

5,6-bis(4-cMorophenyl) r 3-[(cyclohex^^^ 
carboxamide; 

5,6-bis(4-cbJorophenyl)- 3- [(cyclohexyloxy)memyl]-W-piperidin-l-ylpyrazme-2- 
carboxamide; 
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5,6-bis(4-chIorophenyl> i\^(2-hydroxyethyl)-N -piperidin-l-ylpyrazine-2,3 - 
dicarboxamide; 

5,6-bis(4-chlorophenyl)- iV-CS-hydroxybutylJ-iV'-piperidin-l-ylpyrazine^^ - 
dicarboxamide; 

5,6-bis(4-chlorophenyl)- ^3-hydroxypropyl)-A/ r, -piperidin-l-ylpyrazin^ - 
dicarboxamide; 

Terr-butyl 5,6-bis(4-methylphenyl)-3-[( piperidin-l-ylainino)carbonyl]pyrazine-2- 
carboxylate; 

5,6-bis(4-methylphenyl)-iV^piperidin-l-yl -3 -( tetrazol- 1 -y ImethyI)pyrazine-2- 
carboxamide; 

5,6-bis(4-methylphenyl)-JV-piperidin-l-yl -3 -(2/f-tetrazol-2-ylmethyl)pyrazine-2- 
caiboxamide; 

5,6-bis(4-chlorophenyl)-A^piperidin-l-yl -3 ^2H-tetrazol-2-ylmethyl)pyrazine-2- 
cacboxamide; 

5,6-bis(4~chlorophenyl)-iV-piperi^ 
caiboxamide; 

5,6-bis(4^Worophenyl)-A^-(4,4-difluorocyclohexyl)-3-(2iy-tet^ 
2-carboxamide; 

5,i5-bis(4^Uorophenyl)-iSr-(4,4-difluoropiperidin- 1 -yl)-3-(2/Z-tetrazoI-2- 

ylmethyl)pyrazine-2-carboxamide; 
5,6-bis(4-cMoiophenyl)-3-[(2-m 

carboxamide; 

5,6-bis(4^Morophenyl)-3-[(5-cyclopiopy 
ylpyrazine-2-caiboxamide; 

5 ,6-bis(4-chlorophenyl)-3- [(5-cyclopropyl- l#-tetrazol- 1 -yl)methyl]-iV-piperidin- 1 - 

ylpyrazine-2-carboxamide; 

5,6-bis(4-chlorophenyl)-3-[(5-me^ 

2-carboxamide; 

5,6-bis(4<hlorophenyl)0-[(5-me^ 
2-carboxamide; 
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terr-butyl 6<4-cMorophenyl)-5-(^ 

ylaiiiiiio)carbonyl]pyrazme"2«carboxylate; 

terf-butyl 5^4-cWorophenyl)-6-(4-methylphenyl)-3-[(piperidin4- 

ylamino)carbonyl]pyrazine-2-carboxylate; 

6-(4^Morophe^ 
ylmethyl)pyrazine-2-carboxamide; 
5-(4-chlorophenyl)-6-(4-methylphenyl)-iV^piperi 
ylmethyl)pyrazine-2-carboxamide; 

tert-bvtyl 5,6-bis(4-chlorophenyl)-3-{ [(2-hydroxyethyl)(methyl)amino]- 
carbonyl}pyrazine-2-carboxyIate; 

5,6-bis-(4-chloro-phenyl)-3-propoxy-pyrazine-2-carboxylic acid piperidin-l-ylamide; 

5,6-bis(4-cMorophenyl)-^ 

carboxamide 

5 7 6-bis(4-cMorophenyl)-^ 

5,6-bis(4-cMorophenyl)-3-[(5^^ 

ylpyrazine-2-carboxamide; 

5,6-bis(4-cMorophenyl)-3-^ 

ylpyrazine-2-carboxamide; 

5,6-bis(4-cmorophenyl)-i^ 

yl)methyl]pyrazine-2-carboxamide; 

5,6-bis(4-cMorophenyl)^ 

yl)methyl]pyrazine-2-carboxamide; 

5,6-bis(4-cMorophenyl)-3-{[5Km^ 

ylpyrazine-2-carboxamide; 

5,6-bis(4-cMorophenyl)-3-{[5^ 

ylpyraziae-2-carboxamide; 

5,6-bis(4-cMorophenyl)-W^^ 

carboxamide; 

5,6-bis(4-cWorophenyl)-^-(4^difluorocyciohexyl)-3-{[(^ 
fluorobenzyl)oxy]methyl}pyrazine-2^arboxamide; 
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5,6-bis(4^Uorophenyl)-3-[(4,4-^ 
2-carboxamide; 

5,6-bis(4-cWorophenyl)-//-(4,4^ 
yl)methyl]pyrazme-2-carboxamide; or 
5,6-bis(4-chlorophenyl)-AH4,4H^ 
carboxamide 

and pharmaceutically acceptable salts thereof. 



Methods of preparation 

The compounds of the invention may be prepared as outlined below according to any of 
the following methods. However, the invention is not limited to these methods, the 
compounds may also be prepared as described for structurally related compounds in the 
prior art. 

Compounds of formula I in which R 1 , R 2 and R 4 are as previously defined and R 3 is 
COYNR 5 R 6 as previously defined may be prepared by reacting a compound of formula HI 



C0 2 H 




III 

in which R 1 , R 2 and R 4 are as previously defined with an amine of formula IV 
R 5 R 6 YNH 2 IV 

in which Y, R 5 and R 6 are as previously defined in a solvent, for example dichloromethane, 
in the presence of a coupling agent, for example benzotriazol-l-yl- 
oxytripyrrolidinophosphonium hexafluorophosphate or for example a carbodimide, e.g., 
l-(3Kiimethylaminopropyl)-3^thylcarbodiimide, and optionally in the presence of a base, 
for example 4-dimethylaminopyridine or triethylamine, at a temperature in the range of - 
25°C to 150°C. 
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Compounds of formula III may be prepared by reacting a compound of formula V 
R 2 ^ 







> 









V 

in which R 1 and R 2 are as previously defined with a compound of formula VI 
R 4 OH VI 

in which R 4 is as previously defined in an inert solvent, for example acetonitrile, and 
optionally in the presence of a catalyst, for example a basic catalyst, e.g., 4- 
dimemylaminopyridine, at a temperature in the range of -25°C to 150°C. 

Compounds of formula I may also be prepared by reacting a compound of formula V with 
a compound of formula VI and then reacting the product directly with a compound of 
formula IV. 

Compounds of formula V may be prepared by reacting a compound of formula Vm 

R S /N ^T' C02H 

R iA N ^C0 2 H 
VIII 

in which R 1 and R 2 are as previously defined with a dehydrating agent for example 
acetyl chloride at a temperature in the range of 0°C to 150°C. 



Compounds of formulae IV and VI are commercially available or may be prepared by 
methods known to those skilled in the art. Certain compounds of formulae HI, V and VE 
are novel and are claimed as a further aspect of the present invention as useful 
intermediates. 
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Compounds of formula I in which X is SO2 may be prepared by reacting a compound of 
.SOgA 
R 4 

in which R\R 2 andR 4 are as previously defined and A represents halo with an amine of 
formula X 

R 5 R 6 YNH 2 X 

in which Y, R 5 and R 6 are as previously defined in an inert solvent, for example 
dichloromethane, and optionally in the presence of a catalyst, for example a basic catalyst, 
eg 4-dimethylamino-pyridine, at a temperature in the range of -25°C to 150°C. 

Compounds of formula I in which R 1 , R 2 and R 3 are as previously defined and R 4 
represents a group CH2(lH-l,2,3-triazol-l-yl) in which the triazole is optionally substituted 
on carbon by Z may be prepared by reacting an azide of formula XI 




N 3 

XI 

with an acetylene of formula XII 
H-C=C-Z 

XII 

in which Z is as previously defined in an inert solvent, for example toluene, tert-butanol or 
water or mixtures thereof, and optionally in the presence of a catalyst, for example a 
copper I salt, e.g., formed in situ from a copper II salt, for instance sulphate, in the 
presence of sodium ascorbate, at a temperature in the range of -25°C to 150°C. 



formula IX 
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Compounds of formula XI are believed to be novel and are claimed as a further aspect of 
the present invention as useful intermediates in the preparation of compounds of formula L 
Compounds of formula XI in which R 1 and R 2 are as previously defined and R 3 is 
COYNR 5 R 6 as previously defined may be prepared by reacting a compound of formula 
XVI 




in which R 1 and R 2 are as previously defined and X is a leaving group for example C t . 
6alkoxy, halo or hydroxy with an amine of formula IV 
R 5 R 6 YNH 2 IV 

in which Y, R 5 and R 6 are as previously defined in a solvent, for example dichloromethane, 
optionally in the presence of a coupling agent, for example benzotriazol-l-yl- 
oxytripyrrolidinophosphonium hexafluorophosphate or for example a carbodimide, e.g., 1- 
(3-dimethylaminopropyl)-3-ethylcarbodiimide, and optionally in the presence of a base, for 
example 4-dimethylaminopyridine or triethylamine, at a temperature in the range of -25°C 
to 150°C. 

Compounds of formula I in which R 1 , R 2 and R 4 are as previously defined and R 3 is 
CO YNR 5 R 6 may also be prepared by reacting a compound of formula XIV 




XIV 

in which R 1 , R 2 and R 4 are as previously defined and R c represents an alkyl group, for 
example a Ci^alkyl group, with an amine of formula IV 
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R 5 R 6 YNH 2 IV 

or a salt thereof in which Y, R 5 and R 6 are as previously defined in a solvent, for example 
dichloromethane and or toluene, in the presence of a coupling agent, for example a 
trialkylaluminiurn compound e.g., trimethylaluminium, and optionally in an inert 
atmosphere for example under nitrogen or argon, at a temperature in the range of -25°C to 
150°C 

Compounds of formula I in which R 1 , R 2 and R 4 are as previously defined and R 3 is 
COYNR^ 6 may be prepared by reacting a compound of formula XV 




XV 

in which R 1 , R 2 and R 4 are as previously defined and X represents a leaving group for 
example chloro or bromo, with an amine of formula IV 
R 5 R 6 YNH 2 IV 

or a salt thereof in which Y, R 5 and R 6 are as previously defined in a solvent, for example 
dichloromethane and or toluene, optionally in the presence of a base, for example 
triethylamine, at a temperature in the range of -25°C to 150°C. 

Compounds of formulae IX, XIV, XV and XVI may be prepared as described in the 
examples or by analogous methods. 

Persons skilled in the art will appreciate that, in order to obtain compounds of the invention 
in an alternative and in some occasions, more convenient maimer, the individual process 
steps mentioned hereinbefore may be performed in different order, and/or the individual 
reactions may be performed at different stage in the overall route (i.e. chemical 
transformations may be performed upon different intermediates to those associated 
hereinbefore with a particular reaction). 
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Compounds of formula I may be prepared by de-protecting compounds of formula I, in 
which one or more groups is protected, by methods known to those skilled in the art for 
example by hydrolysis of a tert-butoxy carbonyl protected amine group to give the amine 
group. 

The expression "inert solvent" refers to a solvent which does not react with the starting 
materials, reagents, intermediates or products in a maimer which adversely affects the yield 
of the desired product. 

Pharmaceutical preparations 

The compounds of the invention will normally be administered via the oral, parenteral, 
intravenous, intramuscular, subcutaneous or in other injectable ways, buccal, rectal, 
vaginal, transdermal and/or nasal route and/or via inhalation, in the form of pharmaceutical 
preparations comprising the active ingredient or a pharmaceutically acceptable addition 
salt, in a pharmaceutically acceptable dosage form. Depending upon the disorder and 
patient to be treated and the route of administration, the compositions may be administered 
at varying doses. 

Suitable daily doses of the compounds of the invention in the therapeutic treatment of 
humans are about 0.001-10 mg/kg body weight, preferably 0.01-1 mg/kg body weight. 

Oral formulations are preferred particularly tablets or capsules which may be formulated 
by methods known to those skilled in the art to provide doses of the active compound in 
the range of 0.5mg to 500mg for example 1 mg, 3 mg, 5 mg, 10 mg, 25mg, 50mg, lOOmg 
and 250mg. 

According to a further aspect of the invention there is also provided a pharmaceutical 
formulation including any of the compounds of the invention, or pharmaceutically 
acceptable derivatives thereof, in admixture with pharmaceutically acceptable adjuvants, 
diluents and/or carriers. 
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Pharmacological properties 

The compounds of formula (I) are useful for the treatment of obesity, psychiatric disorders 
such as psychotic disorders, schizophrenia, bipolar disorders, anxiety, anxio-depressive 
disorders, depression, cognitive disorders, memory disorders, obsessive-compulsive 
disorders, anorexia, bulimia, attention disorders like ADHD, epilepsy, and related 
conditions, and neurological disorders such as dementia, neurological disorders(e.g. 
Multiple Sclerosis), Raynaud's syndrome, Parkinson's disease, Huntington's chorea and 
Alzheimer's disease. The compounds are also potentially useful for the treatment of 
immune, cardiovascular, reproductive and endocrine disorders, septic shock and diseases 
related to the respiratory and gastrointestinal systems (e.g. diarrhea). The compounds are 
also potentially useful as agents in treatment of extended abuse, addiction and/or relapse 
indications, e.g. treating drug (nicotine, ethanol, cocaine, opiates, etc) dependence and/or 
treating drug (nicotine, ethanol, cocaine, opiates, etc) withdrawal symptoms. The 
compounds may also eliminate the increase in weight which normally accompanies the 
cessation of smoking. 

In another aspect the present invention provides a compound of formula I as previously 
defined for use as a medicament. 

In a further aspect the present invention provides the use of a compound of formula I in 
the preparation of a medicament for the treatment or prophylaxis of obesity, psychiatric 
disorders such as psychotic disorders, schizophrenia, bipolar disorders, anxiety, anxio- 
depressive disorders, depression, cognitive disorders, memory disorders, obsessive- 
compulsive disorders, anorexia, bulimia, attention disorders like ADHD, epilepsy, and 
related conditions, neurological disorders such as dementia, neurological disorders (e.g. 
Multiple Sclerosis), Parkinson's Disease, Huntington's Chorea and Alzheimer's Disease, 
immune, cardiovascular, reproductive and endocrine disorders, septic shock, diseases 
related to the respiratory and gastrointestinal systems (e.g. diarrhea), and extended abuse, 
addiction and/or relapse indications, e.g. treating drug (nicotine, ethanol, cocaine, opiates, 
etc) dependence and/or treating drug (nicotine, ethanol, cocaine, opiates, etc) withdrawal 
symptoms. 
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In a still further aspect the present invention provides a method of treating obesity, 
psychiatric disorders such as psychotic disorders such as schizophrenia and bipolar 
disorders, anxiety, anxio-depressive disorders, depression, cognitive disorders, memory 
disorders, obsessive-compulsive disorders, anorexia, bulimia, attention disorders like 
ADHD, epilepsy, and related conditions, neurological disorders such as dementia, 
neurological disorders (e.g. Multiple Sclerosis), Parkinson's Disease, Huntington's Chorea 
and Alzheimer's Disease, immune, cardiovascular, reproductive and endocrine disorders, 
septic shock, diseases related to the respiratory and gastrointestinal systems (e.g. diarrhea), 
and extended abuse, addiction and/or relapse indications, e.g. treating drug (nicotine, 
ethanol, cocaine, opiates, etc) dependence and/or treating drug (nicotine, ethanol, cocaine, 
opiates, etc) withdrawal symptoms comprising administering a pharmacologically effective 
amount of a compound of formula I to a patient in need thereof. 

The compounds of the present invention are particulary suitable for the treatment of 
obesity, e.g. by reduction of appetite and body weight, maintenance of weight reduction 
and prevention of rebound. 

Combination Therapy 

The compounds of the invention may be combined with another therapeutic agent that is 
useful in the treatment of disorders associated with the development and progress of 
obesity such as hypertension, hyperlipidaemias, dyslipidaemias, diabetes and 
atherosclerosis. For example, a compound of the present invention may be used in 
combination with a compound that affects thermogenesis, lipolysis, fat absorption, satiety, 
or gut motility. The compounds of the invention may be combined with another therapeutic 
agent that decreases the ratio of LDLrHDL or an agent that causes a decrease in circulating 
levels of LDL-cholesterol. In patients with diabetes mellitus the compounds of the 
invention may also be combined with therapeutic agents used to treat complications related 
to micro-angiopathies. 

The compounds of the invention may be used alongside other therapies for the treatment of 
obesity and its associated complications the metabolic syndrome and type 2 diabetes, these 
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include biguanide drugs, insulin (synthetic insulin analogues) and oral antihyperglycemics 
(these are divided into prandial glucose regulators and alpha-glucosidase inhibitors). 

In another aspect of the invention, the compound of formula I, or a pharmaceutically 
acceptable salt thereof may be administered in association with a PPAR modulating agent 
PPAR modulating agents include but are not limited to a PPAR alpha and/or gamma 
agonist, or pharmaceutically acceptable salts, solvates, solvates of such salts or prodrugs 
thereof Suitable PPAR alpha and/or gamma agonists, pharmaceutically acceptable salts, 
solvates, solvates of such salts or prodrugs thereof are well known in the art 

In addition the combination of the invention may be used in conjunction with a 
sulfonylurea. The present invention also includes a compound of the present invention in 
combination with a cholesterol-lowering agent The cholesterol-lowering agents referred to 
in this application include but are not limited to inhibitors of HMG-CoA reductase (3- 
hydroxy-3-methylglutaryl coenzyme A reductase). Suitably the HMG-CoA reductase 
inhibitor is a statin 

In the present application, the term "cholesterol-lowering agent" also includes chemical 
modifications of the HMG-CoA reductase inhibitors, such as esters, prodrugs and 
metabolites, whether active or inactive. 

The present invention also includes a compound of the present invention in combination 
with an inhibitor of the ileal bile acid transport system (IBAT inhibitor). The present 
invention also includes a compound of the present invention in combination with a bile 
acid binding resin. 

The present invention also includes a compound of the present invention in combination 
with a bile acid sequestering agent, for example colestipol or cholestyramine or cholestagel 
According to an additional further aspect of the present invention there is provided a 
combination treatment comprising the administration of an effective amount of a 
compound of the formula I, or a pharmaceutically acceptable salt thereof, optionally 
together with a pharmaceutically acceptable diluent or carrier, with the simultaneous, 
sequential or separate administration one or more of the following agents selected from: 
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a CETP (cholesteryl ester transfer protein) inhibitor; 

a cholesterol absorption antagonist; 

a MTP (microsomal transfer protein) inhibitor; 

a nicotinic acid derivative, including slow release and combination products; 

a phytosterol compound; 

probucol; 

an anti-coagulant; 

an omega-3 fatty acid; 

another anti-obesity compound; 

an antihypertensive compound for example an angiotensin converting enzyme (ACE) 
inhibitor, an angiotensin H receptor antagonist, an andrenergic blocker, an alpha 
andrenergic blocker, a beta andrenergic blocker, a mixed alpha/beta andrenergic blocker, 
an andrenergic stimulant, calcium channel blocker, an AT-1 blocker, a saluretic, a diuretic 
or a vasodilator; 

a Melanin concentrating hormone (MCH) antagonist; 
a PDK inhibitor, or 

modulators of nuclear receptors for example LXR, FXR, RXR, and RORalpha; 
anSSRI; 

a serotonin antagonist; 

or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, 
optionally together with a pharmaceutically acceptable diluent or carrier to a warm- 
blooded animal, such as man in need of such therapeutic treatment 

Therefore in an additional feature of the invention, there is provided a method for for the 
treatment of obesity and its associated complications in a warm-blooded animal, such as 
man, in need of such treatment which comprises administering to said animal an effective 
amount of a compound of formula I, or a pharmaceutically acceptable salt thereof in 
simultaneous, sequential or separate administration with an effective amount of a 
compound from one of the other classes of compounds described in this combination 
section, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug 
thereof. 
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Therefore in an additional feature of the invention, there is provided a method of treating 
hyperlipidemic conditions in a warm-blooded animal, such as man, in need of such 
treatment which comprises administering to said animal an effective amount of a 
compound of formula I, or a pharmaceutical^ acceptable salt thereof in simultaneous, 
sequential or separate administration with an effective amount of a compound from one of 
the other classes of compounds described in this combination section or a phannaceutically 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof. 

According to a further aspect of the invention there is provided a pharmaceutical 
composition which comprises a compound of formula I, or a phannaceutically acceptable 
salt thereof, and a compound from one of the other classes of compounds described in this 
combination section or a phannaceutically acceptable salt, solvate, solvate of such a salt or 
a prodrug thereof, in association with a phannaceutically acceptable diluent or carrier. 

According to a further aspect of the present invention there is provided a kit comprising a 
compound of formula I, or a phannaceutically acceptable salt thereof, and a compound 
from one of the other classes of compounds described in this combination section or a 
phannaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof. 

According to a further aspect of the present invention there is provided a kit comprising: 

a) a compound of formula I, or a phannaceutically acceptable salt thereof, in a first unit 
dosage form; 

b) a compound from one of the other classes of compounds described in this combination 
section or a phannaceutically acceptable salt, solvate, solvate of such a salt or a prodrug 
thereof; in a second unit dosage form; and 

c) container means for containing said first and second dosage forms. 

According to a further aspect of the present invention there is provided a kit comprising: 
a) a compound of formula I, or a pharmaceutically acceptable salt thereof, together with a 
phannaceutically acceptable diluent or carrier, in a first unit dosage form; 
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b) a compound from one of the other classes of compounds described in this combination 
section or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug 
thereof, in a second unit dosage form; and 

c) container means for containing said first and second dosage forms. 

According to another feature of the invention there is provided the use of a compound of 
the formula I or a pharmaceuticaUy acceptable salt thereof, and one of the other 
compounds described in this combination section, or a pharmaceuticaUy acceptable salt, 
solvate, solvate of such a salt or a prodrug thereof, in the manufacture of a medicament for 
use in the the treatment of obesity and its associated complications in a warm-blooded 
animal, such as man. 

According to another feature of the invention there is provided the use of a compound of 
the formula I, or a pharmaceuticaUy acceptable salt thereof, and one of the other 
compounds described in this combination section, or a pharmaceuticaUy acceptable salt, 
solvate, solvate of such a salt or a prodrug thereof, in the manufacture of a medicament for 
use in the treatment of hyperlipidaemic conditions in a warm-blooded animal, such as man. 

According to a further aspect of the present invention there is provided a combination 
treatment comprising the administration of an effective amount of a compound of the 
formula I, or a pharmaceuticaUy acceptable salt thereof, optionally together with a 
pharmaceuticaUy acceptable dUuent or carrier, with the simultaneous, sequential or 
separate administration of an effective amount of one of the other compounds described in 
this combination section, or a pharmaceuticaUy acceptable salt, solvate, solvate of such a 
salt or a prodrug thereof, optionaUy together with a pharmaceuticaUy acceptable diluent or 
carrier to a warm-blooded animal, such as man in need of such therapeutic treatment 

Furthermore, a compound of the invention may also be combined with therapeutic agents 
that are useful in the treatment of disorders or conditions associated with obesity (such as 
type H diabetes, metabohc syndrome, dyslipidemia, impaired glucose tolerance, 
hypertension, coronary heart disease, non-alcohoHc steatorheic hepatitis, osteoarthritis and 
some cancers) and psychiatric and neurological conditions. 
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Examples 

Abbreviations 
Ar-argon 

HRMS-high resolution mass spectrometer 
THF-tetrahvdrofiiran 

Dess-Martin periodinane-Ll J-trisfacetvloxvyi.l-duh^^ 

DCM - dichloromethane 

DMF - dimethylformamide 

DMAP - 4-dimethyIaminopyridine 

EDC - l-(3-dimelliylaminopropyl)-3-ethyIcarbodiimide 

TEA - triethylamine 

TFA - trifluoroacetic acid 

DMSO-dimethyl sulfoxide 

DEA - Diethylamine 

PCC - Pyridinium chlorochromate 

DCM - Dichloromethane 

PyBOP - benzotriazol-l-yl-oxytri-pyrrolidinophosphonium hexafluorophosphate 
HBTU - 6>-Benzotriazol- 1 -yl-A^j^iV'^'-tetr amethyluronium Hexafluorophosphate 
DAST-(diethyl amino)sulphur trifluoride 
DIEA - Mtf-dmopropylethylamine 



t 


triplet 


s 


singlet 


d 


doublet 


q 


quartet 


qvint 


quintet 


m 


multiplet 


br 


broad 


bs 


broad singlet 


dm 


doublet of multiplet 


bt 


broad triplet 
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dd doublet of doublet 

General Experimental Procedures 

Mass spectra were recorded on either a Micro-mass ZQ single quadrupole or a Micromass 
LCZ single quadrupole mass spectrometer both equipped with a pneumatically assisted 
electrospray interface (LC-MS). l H NMR measurements were performed on either a 
Varian Mercury 300 or a Varian Inova 500, operating at *H frequencies of 300 and 500 
MHz respectively. Chemical shifts are given in ppm with CDC1 3 as internal standard. 
CDC1 3 is used as the solvent for NMR unless otherwise stated. Purification was performed 
on a semipreparative HPLC with a mass triggered fraction collector, Snimadzu QP 8000 
single quadrupole mass spectrometer equipped with 19 x 100 mm C8 column. The mobile 
phase used was, if nothing else is stated, acetonitrile and buffer (0.1 M NH^acetonitrile 
95:5). 

For isolation of isomers, a Kromasil CN E9344 (250 x 20 mm i.d.) column was used. 
Heptane:ethyl acetate:DEA 95:5:0.1 was used as mobile phase (1 ml/min). Fraction 
collection was guided using a UV-detector (330 nm). 

Examples of the Invention 

Example 1 . . s , o 

^-hutvl 5.6:W4^hlorcn^^ 

carboxvlate 

a) 1.2-bisf4-chlo m phenvlV2- hvdm7cvethanone 

To 4-chlorobenzaldehyde (140.6 g, 1 mol) in ethanol (130 ml) was added a solution of 
sodium cyanide (10.6 g, 0.216 mol) in water (105 ml). The mixture was heated at reflux for 
2.5 h and then extracted with DCM. The organic phase was washed with sodium bisulfite 
solution and the solvent was evaporated in vacuo. The compound was isolated by 
crystallization from diethyl ether/heptane. 48 g, 34%. 

!ji NMR (400 MHz) 8 7.82 (d, 2H), 7.38 (d, 2H), 7.30 (d, 2H), 7.24 (d, 2H), 5.87 (s, 1H), 
4.47 (s, 1H). 

MSm/z279,281 (M-H)\ 
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b) 1 .243is(4-chlorophenvDethane-l .2-dione 

i;2-bis(4-cMorophenyl)-2-hydroxyethanone, (90 g, 0.320 mol) and nitric acid (170 ml) 
were heated at 100°C until the evolution of nitrogen oxides ceased after 4 hours. The 
reaction mixture was cooled, and water (250 ml) was carefully added The crude product 
was filtered, washed several times with water and dried under reduced pressure to give a 
yellow solid (40.4 g, 45%). 
*H NMR (500 MHz) 5 7.94 (d, 4H), 7.53 (d, 4H). 

c) 5.6-bis(4-chlorophenvl)pvrazine-23-dicarbonitriIe 

l,2-bis(4-chlorophenyl)ethane-l,2-dione, (20 g, 71.65 mmol), diaminomaleonitrile (8.5 g, 
78.82 mmol) and acetic acid (6 ml) in ethanol (140 ml) and water (93 ml) were heated at 
75 °C overnight The reaction mixture was cooled, and water was added. The precipitate 
was filtered and washed with ethanol and then ether. The crude product was dissolved in 
DCM and treated with activated charcoal, then filtered through celite. After evaporation, a 
solid was formed and recrystallized from DCM/ethanoI to give a pale yellow solid (17.3 g, 
69%). 

l H NMR (400 MHz) 5 7.49 (d, 4H), 7.38 (d, 4H). 

d) 5,6-bisr4-chlorophenvl)pyrazine-2,3-dicarboxylic acid 

To 5,6-bis(4^Uorophenyl)pyrazine-2,3-dicaibonitrile, (16.3 g, 46.28 mmol) and KOH (26 
g, 463 mmol) in water (84 ml) was added hydrogen peroxide (35%, 19 ml) followed by a 
few drops of nonanol to reduce foaming. The reaction mixture was heated at reflux for 2h, 
cooled and washed once with diehtyl ether and acidified to pH 4 with 2M HC1. The 
precipitate was collected through a filter, washed with water and dried under reduced 
pressure to give the crude product The crude product was convertd to dimethyl ester by 
refluxing with hydrogen chloride/methanol (100 ml) and purified by HPLC, giving 12.85 g 
of the methyl ester. The resulting methyl ester was treated with lithium hydroxide (2.95 g, 
0.123 mmol) in acetonitrile (140 ml) and water (90 ml) at ambient temperature for 1.5 h. 
The acetonitrile was removed under reduced pressure and the aqueous solution was washed 
once with diethyl ether. Acidification with hydrochloric acid (2M) and filtration gave the 
tide compound (1 1 .8 g, 66% mmol) as a pale yellow solid. 
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*H NMR (400 MHz) 8 7.51 (d, 4H), 7.41 (d, 4H). MS m/z 389, 391 (M+H) + . 

e) 23'bisr4-cMorophenvnfaror3,4-&1p Yi^ine- 5.7-dioiie 

5,6-bis(4<hlorophenyI)pyraziiie-2,3"dicarboxylic acid (6.7 g, 17.30 mmol) and acetyl 
chloride (20 ml) were heated at reflux overnight. The acetyl chloride was removed under 
reduced pressure to give the title compound (6.2 g, 97%) as a pale yellow solid. 
*H NMR (400 MHz) 5 7.51 (d, 4H), 7.41 (d, 4H). 

f) 3-(te^butoxvcarbonvl>5.6-bi^^ acid 

To a solution of 23-bis(4-chlorophenyl)ftu:o[3,4-ib]pyrazine-5J-dione, (877 mg, 2.36 
mmol) in acetonitrile (15ml) were added terf-butanol (876 mg, 11.8 mmol) and DMAP 
(346 mg, 2.8 mmol) . After 30 minutes the solvent was removed in vacuo and the residue 
was dissolved in DCM. Washed with 2 M potassium hydrogen sulfate and water followed 
by drying (magnesium sulfate), filtration and evaporation of the solvent gave a residue 
which was purified by HPLC to give the title compound (43 1 mg, 41 %). 
l H NMR (400 MHz) 8 7.35-7.17 (m, 8H), 1.57 (s, 9H) 
MS m/z 445 (M+H)*, 443 (M-H)\ 

g) tert-butvl 5 .6-bis(4-chlorophenvI >3 - \( piperidin- 1 -vlamino)carbonvHt>vrazine-2~ 
carboxvlate 

3-(rert-butoxycarbonyl)-5^ acid, (111 mg, 

0.25 mmol) and carbonyldiimidazol (202 mg, 1.26 mmol) were stirred in THF for 3 h and 
then piperidin- 1 -amine (30 mg, 0.3 mmol) was added. After 20 h more piperidin-l-amine 
(56 mg, 0.55 mmol) was introduced. Stirring for 1 h was followed by purification by 
HPLC to give the target compound (50 mg, 38%). *H NMR (400 MHz) 8 8.25 (s, 1H), 
7.50-7.30 (m, 8H), 2.93-2.86 (m, 4H), 1.85-1 .40 (m, 15H). 
MS m/z 527 529 (M+H) + , 525, 527 (M-H)\ 

Example 2 

Butyl 5,6-bis(4^Morophenviy3-rfpiperid 

To a suspension of 2,3-bis(4-chlorophenyl)furo[3,4^]pyrazine-5,7-dione (0.226 g, 0.61 
mmol) was dissolved in DCM (1 ml) was added butanol (47 mg, 0.64 mmol). After 2 h a 
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solution of DMAP (10 mg, 0.082 mmol) in DCM (0.1 ml) was added After an additional 2 
h a suspension of HBTU (0.242 g, 0.64 mmol) in DMF (1 ml) was added and after a 
further 10 minutes piperidin-1 -amine (73 mg, 0.73 mmol) and DIEA (76 mg, 0.58 mmol). 
The mixture was stirred at room temperature for 60 h. The DCM was removed in vacuo 
and the residue was purified by preparative HPLC to give the title compound 221 mg 
(69%). 

*H NMR (400 MHz) 5 8.31 (s, 1H), 7.39 (d, 2H), 7.37 (d, 2H), 7.31 (d, 2H), 7.26 (d, 2H), 
4.43 (t, 2H), 2.89-2.83 (m, 4H), 1.80-1.68 (m, 6H), 1.48-1.36 (m, 4H), 0.92 (t, 3H) 
HRMS m/z calcd for [C^HzsCl^Cbf 527.1617, found 527.1622. 

Example 3 . 

Cyclohexyl5.6-bis(4-cMorophenvlV3-rrp i pft^^ 
carboxylate 

The title compound was prepared as described in Example 2 using cyclohexanol (64 mg, 
0.64 mmol). 129 mg (38%) was obtained. 

»H NMR (400 MHz) 5 8.28 (s, 1H), 7.44-7.25 (m, 8H), 5.19-5.11 (m, 1H), 2.91-2.86 (m, 
4H), 2.19-2.10 (m, 2H), 1.88-1.67 (m, 6H), 1.66-1.51 (m, 3H), 1.51-1.33 (m, 4H), 1.30- 
1.18 (m, 1H). 

HRMS m/z calcd for [C&HsiCl^Cfef 553.1773, found 553.1760. 
Example 4 

Benzyl 5.6-bis(4-cMorophenvI)-3-f(pipeririin-l-Y lflnii no^carbonvllpvrazine-2-carboxvIate 
The title compound was prepared as described in Example 2 using benzyl alcohol (69 mg, 
0.64 mmol). 142 mg (42%) was obtained. 

J H NMR (400 MHz) 8 8.31 (s, 1H), 7.49-7.25 (m, 13H), 5.48 (s, 1H), 2.91-2.84 (m, 4H), 
1.81-1.73 (m, 4H), 1.49-1.41 (m, 2H) 

HRMS m/z calcd for [CsoHaTCbtyQjf 56 1.1460, found 561.1450. 



Example 5 
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1 



tert-butvl 5,6-bisf4-cMoropher yl )-3-f f rds-2-hvdmxvcvclohexYl]ainino}- 
carbonvl)pyrazine-2-carboxvlate 

Cis-2-aniinocyclohexanol hydrochloride (31 mg, 0.21 mmol) was added to a solution of 3- 
(tert-butoxycarbonyl)-5,6-bis(4-chlorophenyl)pyrazine-2-carboxylic acid (66 mg, 0.15 
mmol) in methylene chloride (3 ml) followed by triemylamine (30 pL, 0.22 mmol) and 
PyBOP (154 mg, 0.30 mmol). After 3 hr the solvent was removed in vacuo. The residue 
was purified by preparative HPLC and flash chromatography using 20% ethyl acetate in 
toluene as solvent to give 27 mg (34%) of the product 

l H NMR (400 MHz, CDC1 3 ) 6 7.98 (d, 1H), 7.46-7.36 (m, 4H), 7.36-7.27 (m, 4H), 4.19- 
4.09 (m, 1H), 4.08-4.02 (m, 1H), 2.01 (broad s, 1H), 1.84-1.37 (m, 17H). 
MS m/z calcd for [C28 H29 C12 N3 04JIT 542, found 542 



Example 6 

terf-hutvl 5.6-bisa-chloroph^ 
caThonvnpvra7.ine-2-carboxvlate 

Trans-2-aminocyciohexanol hydrochloride was added to a solution of 3-(tert- 
butoxycarbonyl)-5,6-bis(4-chlorophenyl)pyrazine-2-carboxylic acid in methylene chloride 
(3 ml). Triethylamine (30 pX, 0.22 mmol) and PyBOP (154 mg, 0.30 mmol) were added. 
After 24 hr the solvent was removed in vacuo and the residue was purified by flash 
chromatography using 20% ethyl acetate in toluene as eluent to give 76 mg (95%) of the 
target compound. 

*H NMR (500 MHz, CDCI3) 5 7.62 (d, 1H), 7.44 (d, 2H), 7.39 (d, 2H), 7.35 (d, 2H), 7.30 
(d, 2H), 3.89-3.80 (m, 1H), 3.52-3.44 (m, 1H), 3.25 (br s, 1H), 2.13-2.04 (m, 2H), 1.90- 
1.70 (m, 2H), 1.66 (s, 9H), 1.45-1.21 (m, 4H). 

HRMS m/z calcd for [C28 H29 C12 N3 04]^ 542.1613, found 542.1624 



Example 7 

t.rt.h»tv15.6-hisf4-^ ^ 
carbonvnpvr a^mft-^-carboxvlate 
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5,6-bis(4-chlorophenyl)pyrazine-2,3"dicaiboxylic acid (351 mg, 0.902 mmol) was 
refluxed in acetyl chloride (5 ml) for 2 hours. The excess acetyl chloride was removed in 
vacuo with the aid of toluene. The residue was dissolved in methylene chloride (5 ml) and 
a solution of tert-butanol (70 mg, 0.95 mmol) in methylene chloride (5 ml) was added. The 
mixture was cooled to -78 C and then triethylamine (0.5 ml, 3.6 mmol) and DMAP (22 
mg, 0.18 mmol) was added. The mixture was allowed to stir at room temperature for 1 hr 
and then [4-(trifluoromethyl)phenyl]hydrazine (286 mg, 1.62 mmol) and PyBOP (563 mg, 
1.08 mmol) was added. After 16 hrs at room temperature the mixture was worked up by 
washing/with KHS04 and bicarbonate, evaporation of the solvent in vacuo and 
purification by preparative HPLC (acetontrile/ammonium acetate) to give 52 mg (9.6%) of 
the target compound. 

l E NMR (400 MHz, CDQ 3 ) 5 9.33 (d, 1H), 7.46-7.36 (m, 6H), 7.35-7.27 (m, 4H), 6.94 (d, 
1H), 6.85 (d,2H), 1.58 (s,9H). 

HRMS m/z calcd for [C29 H23 CI2 F3 N4 03]lT 603.1 177, found 603.1 174 
Example 8 

tert-butyl 5,6-bis(4-cMorophenviy3-rfaoroho 
carboxylate 

(lH-l,2,3-benzotriazoI-l-yloxy)(tripym)Udin-l-yl)phosphonium hexafluorophosphate (421 
mg, 0.808 mmol) was added to a solution of 3-(tert-butoxycarbonyl)-5,6-bis(4- 
chlorophenyl)pyrazine-2-carboxylic acid (300 mg, 0.674 mmol) and triethylamine (0.19 
ml, 1.35 mmol) in methylene chloride (5 ml). After 5 minutes morpholin-4-amine (76 mg, 
0.74 mmol) was added and the mixture was stirred for 18 hrs. The reaction mixture was 
diluted with methylene chloride and washed successively with hydrochloric acid, water, 
bicarbonate solution, and water. After evaporation of the solvent, the residue was purified 
by preparative HPLC. The resulting material was applied as a solution in methylene 
chloride to the top of a flash column and then eluted with 20% ethyl acetate in toluene as 
the eluent to give the product, 178 mg, 50%. 
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*H NMR (400 MHz, CDClg) 5 8.34 (s, 1H), 7.42 (d, 2H), 7.40-7.31 (m, 4H), 7.28 (d, 2H), 

3.88-3.83 (m,4H), 3.01-2.94 (m,4H), 1.66 (s,9H) 

HEMS mJz calcd for [C26 H26 C12 N4 04]ET 529.1409, found 529.1431 

Example 9 

t^-hirtv! 5.6-his(4^hlorophCT^^^ 
carboxvlate 

(tert-butoxycarbonyl)-5,6-bis(4-cMorophenyl)pyrazine-2-carboxylic acid (316 mg, 0.710 
mmol), trieraylamine (0.3 ml, 2.13 mmol) and PyBOP (430 mg) were mixed in methylene 
chloride (5 ml) and after 5 minutes tert-butylhydrazine hydrochloride (96 mg, 0.78 mmol) 
was added. After 18 h at room temperature the mixture was diluted with more methylene 
chloride and washed with hydrochloric acid, water, bicarbonate solution and water. After 
evaporation of the solvent, the residue was purified by HPLC 
(acetonitrile/ammoniumacetate buffer) to give the tide compound. 
*H NMR (400 MHz, CDC1 3 ) 5 8.71 (s, 1), 7.47-7.42 (m, 2H), 7.41-7.28 (m, 6H), , 4.84 (s, 
lH),L65(s,9H),1.18(s,9H). 

HRMS m/z calcd for [C26 H28 C12 N4 03]^ 515.1617, found 515.1665 
Example 10 

p-p a- ^ | ft.h;^4-ch1orophenv1V3^ethoxvcar hoTivl)PYrazin e-2-carboxvUc acid 
2,3-bis(4-cmorophenyl)furo[3,4-%yrazine-5,7-dione (4.826 g, 13.00 mmol) was 
suspended in EtOH (160 mL). The suspended material gradually went into solution. After 
stirring overnight the solvents were evaporated. In order to remove any remaining EtOH 
the residue was suspended in toluene, whereupon the toluene was evaporated. This was 
repeated two more times and finally yielded pure 5,6-bis(4-chlorophenyl)-3- 
(ethoxycarbonyl)pyrazine-2-carboxylic acid as a yellowish solid (5.425 g, 13.00 mmol, 
quant). 
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*H NMR (500 MHz, CDC1 3 ) 8 7.50-7.34 (m, 8 H), 4.57 (q, 7.0 Hz, 2H), 1,46 (t, 7.0 Hz, 
3H). 

Step B:EthvI 16-bis(4-cMorophenvlV3-favdroxvm^ 

5,6-bis(4-chlorophenyl)-3-(ethoxycarbon^ acid (0.562 g, 1.35 

mmol) was dissolved in dry THF (13 mL) under Ar. Upon cooling to -20°C triethylamine 
(0.191 g,. 1.89 mmol) was added. Finally, wo-butylcMoroformiate (0.221 g, 1.62 mmol) 
was added dropwise during ca 5 min. After stirring at -20°C for 1 h, the temperature was 
adjusted to 0°C. After stirring at 0°C for another hour the reaction mixture was recooled to 
-20°C. At this point a small volume (1.7 mL, corresponding to ca 3 eq.) of a pre-prepared 
solution of sodiumborohydride (0.940 g, 24.8 mmol) in pre-chilled H2O (10 mL) was 
added dropwise during ca 5 min to the reaction mixture. Gas evolution could be observed 
and at the same time the solution became orange-coloured. After stirring at -20°C for ca 1 
h the reaction was quenched by the dropwise addition of HC1 (aq., 2 M, 5 mL). The 
reaction mixture was allowed to stir for 1 h (during that time the temperature increased to - 
10°C) before it was transferred to a separation funnel with the aid of dichloromethane (100 
mL). H2O (100 mL) was added. The organic phase was sepsarated and the aqueous phase 
was extracted further with dichloromethane (3 x 30 mL). The collected organic phases 
were washed with brine (100 mL) before drying with MgS0 4 . Upon evaporation of the 
solvents the obtained residue was dissolved in a minimum volume of dichloromethane- 
heptane (1:1) and applied on the top of a pre-packed column (silica gel; dichloromethane- 
heptane 1:1). The products were eluted with two successive gradients: firstly, 
dichloromethane-heptane 50-100 % and, secondly, EtOAc-dichloromethane 0-6 %. Ethyl 
5,6-bis(4<Uon>phenyl)-3-(hydroxymethyl)pyrazine-2-carboxylate was obtained as a 
yellowish viscous oil (0.434 g, 1.08 mmol, 80 %). 

l H NMR (500 MHz, CDC1 3 ) 8 7.50-7.44 (m, 4H), 7.38-7.32 (m, 4H), 5.17 (d, 5.7 Hz, 2H), 
4.52 (q, 7.3 Hz, 2H), 4.25 (t, 5.7 Hz, 1H). 1.48 (t, 7.0 Hz, 3H). 
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stop C Rthvl 3-ftert-hntoxvmethv]V5.6-bis (4^h1orophenvl)pvrazine-2-carboxylate 
tert-butyl 2,2,2-tricMoroemaninudoate (516 mg, 2.36 mmol) and boron trifluoride diethyl 
etherate (56 mg, 0.39 mmol) was added at room temperature to a solution of ethyl 5,6- 
bis(4-cblorophenyl)-3-(hydroxymethyl)pyrazine-2-carboxylate (866 mg, 2.15 mmol) in 
methylene chloride (0.2 ml) and cyclohexane (5 ml). Workup after 16 hrs by dilution with 
ethyl acetate and wash with bicarbonate solution. Drying (magnesium sulfate) and removal 
of the solvent in vacuo, purification by preparative HPLC gave 382 mg (39%) of the target 
compound. 

l H NMR (400 MHz, CDC1 3 ) 5 7.42 (d, 2H), 7.40 (d, 2H), 7.32-7.27 (m, 4H), 4.88 (s, 2H), 
4.48 (q, 2H), 1.44 (t, 3H), 1.27 (s, 9H) 

232 mg of the starting material, ethyl 5,6-bis(4-chlorophenyl)-3-(hydroxymemyl)pyrazine- 
2-carboxylate was recovered. 

Step D ^ftrt4witravmrthv^ 

A mixture of lithium hydroxide (77 mg, 3.33 mmol) in water (6 ml) and ethyl 3-(tert- 
butoxymemyl)-5,6-bis(4K:morophenyl)pyrazine-2-carboxylate (382 mg, 0.831 mmol) in 
acetonitrile (20 ml) was stirred at room temperature for 72 hrs. The solvent was removed in 
vacuo and the residue was treated with 20 ml 0.3 M KHS04 and methylene chloride. The 
organic phase was dried (magnesium sulfate) and removal of the solvent in vacuo gave 327 
mg (91%) of the target compound. 

*H NMR (400 MHz, CDQ 3 ) 5 7.48 (d, 2H), 7.39 (d, 2H), 7.33 (d, 2H), 7.31 (d, 2H), 5.11 
(s,2H),1.34(s,9H) 

MS m/z calcd for [C22 H20 C12 N2 031H+ 431, found 431 

Ste p E S^figrt^utoxy^ 
carboxamide 

3<tert-butoxymemyl)-5,6-bis(4^^^ acid (324 mg, 0.751 

mmol) and triethylamine (84 mg, 0.83 mmol) were dissolved in methylene chloride (20 
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ml) and the mixture was cooled to -20 degrees. Isobutyl chloridocarbonate (103 mg, 0.751 
mmol) was added and after 5 minutes at -20 degrees 1-aminopiperidine hydrochloride 
(187 mg, 1.37 mmol) and 10 ml 10% aqueous potassium carbonate were introduced. The 
mixture was stirred for 5 minutes, and then the phases were separated. The organic phase 
was isolated and the solvent was removed in vacuo to give a residue which was purified by 
preparative HPLC to give 281 mg, 73%, of the target compound 

l H NMR (500 MHz, CDC1 3 ) 8 8.43 (s, 1H), 7.50 (d, 2H), 7.42 (d, 2H), 7.38-7.30 (m, 4H), 
5.18 (s, 2H), 2.97-2.91 (m, 4H), 1.84-1.77 (m, 4H), 1:53-1.46 (m, 2H), 1.35 (s, 9H). 
HRMS m/z calcd for [C27 H30 C12 N4 02]H + 513.1824, found 513.1805 

Example 11 

5.6-bis(4-cUorophenvlV3-(cvclohexvlidenemethvI)-N-piperidin-l-vlpvrazine-2- 
carboxamide 

Step A: Ethyl 5,6-bis(4-chlorophenvl)-3-formvlpvrazine-2-carboxvlate 
Ethyl 5,6-bis(4-cWorophenyl)-3-(hydroxymethyl)pyrazine-2-carboxylate (0.660 g, 1.64 
mmol) was dissolved in dichloromethane (16 mL) and Dess-Martin periodinane (0.729 g, 
1.72 mmol) was added in one portion. After stirring for 2 h at ambient temperature a TLC 
analysis indicated complete consumption of the starting material. Consequently, the 
reaction was quenched by the sequential addition of Na 2 S 2 03 (aq., 0.2 M, 4 mL) and 
NaHC03 (aq., sat., 4 mL). The resulting mixture was stirred vigorously for 30 min and 
then allowed to stand overnight. Next morning the mixture was transferred to a separation 
funnel with the aid of dichloromethane (100 mL). Na 2 S 2 C>3 (aq., 0.2 M, 15 mL) and 
NaHC0 3 (aq., sat., 15 mL) were added. The organic phase was separated and the aqueous 
phase was extracted further with dichloromethane (2 x 30 mL). The collected organic 
phases were washed with H 2 0 (25 mL) and brine (75 mL) before drying with MgS0 4 . 
Upon evaporation of the solvents the obtained residue was purified by column 
chromatography (silica gel, EtOAc-heptane 0-30 %) to yield ethyl 5,6-bis(4-chlorophenyl)- 
3-formylpyrazine-2-carboxyIate as a yellowish, viscous oil (0.519 g, 1.29 mmol, 79 %). 
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*H NMR (500 MHz, CDC1 3 ) 8 10.33 (s, 1H), 7.54-7.50 (m, 4H), 7.40-7.33 (m, 4H), 4.57 
(q, 7.3 Hz, 2H), 1.47 (t, 7.0 Hz, 3H). 



,c^ r r *th Y i 5 J &bjsI£cMgropb^ ^ 

Under an atmosphere of argon 2 M butyl lithium in pentane (0.3 ml, 0.6 mmol) was added 
at -78 degrees to a suspension of cy C lohe X yl(triphenyl)-phosphonium bromide (164 mg, 
0.386 mmol) in THF (3 ml). The cooling bath was replaced by an ice bath and the mixture 
was stirred for 10 minutes at 0 degrees. A dark cherry red clear solution was formed. 
Cooling again to -78 degrees and addition of ethyl 5,6-bis(4-chlorophenyl)-3- 
formylpyrazine-2-carboxylate (1 12 mg, 0.28 mmol) in THF (2 ml). The reaction was kept 
at -78 for 1 hr and then allowed to attain room temperature. The mixture was diluted with 
toluene and washed with water, dilute hydrochloric acid, bicarbonate solution, and water. 
Evaporation of the solvent and purification by preparative HPLC gave 56 mg (43%) of the 
target compound, 

*H NMR (400 MHz, CDC1 3 ) 8 7.48 (dd, 4H), 7.30 (d, 4H), 6.69 (s, 1H), 4.48 (q, 2H), 2.76- 
2.70 (m, 2H), 2.40-2.34 (m, 2H), 1.76-1.69 (m, 2H), 1.68-1.61 (m, 4H), 1.44 (t, 3H). 
MS m/z calcd for [C26 H24 CI2 N2 02JHM67, found 467 

Lithium hydroxide (300 mg, 12.5 mmol) dissolved in water (20 ml) was stirred with a 
solution of ethyl 5,6-bis(4^Worophenyl)-3-(cyclohexylidenemethyl)pFazine-2- 
carboxylate (131 mg, 0.28 mmol) in THF (50 ml). After 3 hrs the two phase reaction 
mixture was acidified with potassium hydrogen sulfate and the solvent was removed in 
vacuo. The remaining aqueous mixture was extracted with ethyl acetate. Drying and 
evaporation of the solvent, followed by preparative HPLC gave 59 mg of the target 
compound. 

l H NMR (400 MHz, CD3OD) 5 7.45-7.35 (m, 4H), 7.30-7.25 (m, 4H), 6.60 (s, 1H), 2.90- 
2.85 (m, 2H), 2.40-2.35 (m, 2H), 1.75-1.6 (m, 6H) 
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MS m/z calcd for [C24 H20 CI2 N2 02]H*439, found 439 
Step D 5,6-bis(4-chlorophenyiy3-fcvclofe 
carboxamide 

5,6-bis(4-chlorophenyl)-3-(cyclohexyhfe^ acid (34 mg, 

0.077 mmol) was dissolved in methylene chloride (1 ml) and oxalyl chloride (400 mg) and 
. DMF (1 drop) was added. After 30 minutes the solvent was removed in vacuo and the last 
. traces of oxalyl chloride were removed by evaporation with the aid of toluene. The residue 
was dissolved in methylene chloride (1 ml) and added to the amine hydrochloride 
dissolved in 10% aqueous potassium carbonate (2 ml). After 10 minutes more methylene 
chloride was added and the aqueous phase was removed. Drying (magnesium sulfate), 
evaporation of the solvent in vacuo and purification of the residue by preparative HPLC 
gave 29 mg, 73% of the compound. l H NMR (400 MHz, CDC1 3 ) 8 8.59 (s, 1H), 7.46-7.40 
(m, 4H), 7.34-7.25 (m, 4H), 7.22 (s, 1H), 2.97-2.91 (m, 4H), 2.79-2.72 (m, 2H), 2.40-2.35 
(m, 2H), 1.80-1.59 (m, 10H), 1.50-1.41 (m, 2H) 
HRMS m/z calcd for [C29 H30 C12 N4 0]if 521.1875, found 521.1871 

Example 12 

5,6-bisf4-cMorophenyiy3-(cvan^ 

Step A Ethvl 5.6-bis(4-chlorophenvlV3-( f fmethvlsulfonvnoxvlmethvl lpvrazine-2- 
carboxvlate 

Ethyl 5,6-bis(4-cmorophenyl)-3-(hydroxymethyl)pyrazine-2-carboxy (1184 mg, 2.94 
mmol) was dissolved in DCM (15 ml) and TEA (0.614 ml, 4.41 mmol) was added at rt. 
The reaction mixture was cooled to 0 °C and the mesyl chloride (0.251 ml, 3.23 mmol) was 
added dropwise. After 40 min at 0 °C the organic phase was washed with ice-cold water, 
cold 10 % HQ, sat. NaHC0 3 and brine. It was dried (MgS0 4 ), filtered and evaporated. The 
residue was used without further purification (1371 mg, 97 %). 

l H NMR (400 MHz, CDC1 3 ) 8 7.48 (4H, m), 7.33 (4H, m), 5.80 (2H, s), 4.52 (2H, q), 3.14 

(3H,s),1.47(3H,t). 

MS m/z 481, 483, 485 (M+H) + . 
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Ste pBgtfayj ^. f^hli^heavi y ^ ^ 
Ethyl 5,6-bis(4^Morop^^ 

(308 mg, 0.64 mmol), tetrabutylammonium bromide (644 mg, 2 mmol), and sodium 

cyanide (127 mg, 2.59 mmol) were stirred in methylene chloride (20 ml) and water (0.4 

xnl) for 3 hrs. The mixture was filtered through silica gel and the solvent was removed in 

vacuo. Purification by HPLC gave the target compound, 51 mg, 19.3%. 

>H NMR (400 MHz, CDCI3) 5 7.55-7.46 (m, 4H), 7.36-7.31 (m, 4H), 4.52 (q, 2H), 4.48 (s, 

2H),1.47(t,3H) 

MSm/z calcdfor[C21H15a2N3 02]H + 481,found481 

1U y C if. ti-f 1 sbjoropbenv^^ acid 

ethyl (51 m§ ' °* 12 

and Utbium hydroxide (26 mg, 1.1 mmol) were stirred in acetonitrile (10 ml) and water (3 
nfl) for 3 hrs. Dilution with water, filtration through celite, acidification using 0.3 M 
KHSG4, extraction with methylene chloride, drying (magnesium sulfate) and evaporation 
of the solvent gave a residue which was used without further purification. 
MSm/z calcdfor[C19Hll C12N3 021-H+ 382, found 382 



5 



Step D 5 6 w^hWn pl^M 

5 6-bis(4-cMoropheny^^ "* (35 mg ' 0 091 

piperidin-l-amine hydrochloride (19 mg. 0.14 mmol), and PyBOP (73 mg, 0.14 mmol) 
were stirred in pyridine (2 ml) over night. The mixture was purified by preparative HPLC 
to give 21 mg (49%) of the desired product. 

<H NMR (400 MHz, CDCI3) 8 8.59 (s, 1H), 7.51 (d. 2H), 7.41 (d. 2H), 7.37 (d, 2H), 7.32 
(d, 2H), 4.71 (s, 2H), 2.92-2.86 (m, 4H), 1.82-1.74 (m, 4H), 1.52-1.43 (m, 2H) 
MSm/z calcdfor[C24H21C12N5 0]H + 466, found 466 
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Example 13 

5,6-bis(4^Morophenv^ 

Step A 5,6-bisf4^ MorophenvlV3^1-methoxvethvDpvra2ine-2-carboxvlic acid 
Ethyl 5,6-bis(4^Uorophenyl^ (1.44 & 3.58 

mmol) was dissolved in dichloromethane (18 mL). Iodomethane (5,086 g, 35.8 mmol) and 
tetrabutylammonium hydrogensulphate (0.122 g, 0.358 mmol) were added and then, NaOH 
(aq., 50 % w/w, 18 mL). The mixture quickly adopted a brightly red colour, which then 
gradually faded with time. Vigorous stirring overnight. The following morning the reaction 
mixture was cooled to 0 °C before HC1 (aq., 4 M, 200 mL) was slowly added (dropwise). 
The resulting mixture was transferred to a separation funnel with the aid of 
dichloromethane (100 mL). The organic phase was separated and the aqueous phase was 
extracted further with dichloromethane (4 x 100 mL). The collected organic phases were 
dried with MgSO*. Upon evaporation of the solvents the obtained residue was purified by 
column chromatography (silica gel, EtOAc-heptane, 0-40 %; upon reaching 40 % EtOAc 
formic acid was added to the eluent, 0.5 % v/v) to yield a mixture of 5,6-bis(4- 
chlorophenyl)-3-(methoxymethyl)pyrazine-2-carboxylic acid and 5,6-bis(4-chlorophenyl)- 
3-(l-methoxyethyl)pyrazine-2-carboxyIic acid (1.130 g) as a brownish semi-solid 
Step B Methyl 5.6-bis(4-chlorophenvlV3-r l-methoxvethvl)pvrazine-2-carboxvIate 
The mixture from step A (1.13 g, 2.90 mmol) was dissolved in dichloromethane (28 mL), 
whereupon MeOH (7 mL) was added. Trimethylsilyl diazomethane (1 .8 mL, 2.0 M in 
hexanes, 3.6 mmol) was added dropwise at such a rate as to keep the evolution of nitrogen 
under control. Stirring overnight at ambient temperature. Next morning silica gel (ca 5 g) 
was added to the reaction mixture and the solvents were evaporated. The obtained solid 
residue was put on top of a pre-packed column (silica gel, heptane) and the product was 
eluted by two rounds of column chromatography: 1) silica gel, EtOAc-heptane, 0-25 %, 
methyl 5,6-bis(4-chlorophenyl)-3-(l-methoxyethyl)pyrazine-2-carboxylate elutes slightiy 
faster than methyl 5 f 6-bis(4-cMorophenyl)-3-(methoxymethyl)pyrazine-2-caiboxylate; 2) 
silica gel, dichloromethane-heptane, 0-100 %. Methyl 5,6-bis(4-chlorophenyl)-3-(l- 
methoxyethyl)pyrazine-2-carboxylate (9 mg, 0.02 mmol, 0.7 %) was obtained as a 
colourless viscous oil. 
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*H NMR (500 MHz, CDd 3 ) 8 7.47 (d, 2H, J=8.5 Hz), 7.44 (d, 2H, J=8.5 Hz), 7.38-7.30 
(m, 4H), 5.00 (q, 1H, J=6.5 Hz), 4.04 (s, 3H), 3.38 (s, 3H), 1.66 (d, 3H, J=6.5 Hz). 
Step C 5.6-bis(4-cMo rn phenvlV3-a-methoxvethv 1)-^-piperidin-l-vlDVrazme-2- 

carboxamide 

The hydrochloride of piperidin-1 amine (0.683 g, 5.00 mmol) was suspended in dry 
toluene (5.0 mL) under Ar. Upon cooling to 0 °C trimethylaluminium (2.5 mL, 2 M in 
toluene, - 5.0 mmol) was added dropwise. After the addition of MesAl was complete the ice 
bath was removed and the mixture was allowed to stir for 3 h at ambient temperature; 
consequently, a ca 0.67 M solution of aluminium amide was obtained. A part of this 
solution (0.75 mL, 0.50 mmol, corresponding to ca 25 eq.) was added to methyl 5,6-bis(4- 
chlorophenyl)-3-(l-methoxyethyl)pyrazine-2-carboxylate (9 mg, 0.02 mmol), which had 
been placed in a dry flask under Ar. Heating at 50 °C overnight Next morning the reaction 
mixture was cooled to 0 °C and toluene (1 mL) was added before HQ (aq., 2 M, 10 mL) 
was slowly added (dropwise). The obtained mixture was transferred to a separation funnel 
with the aid of dichloromethane (30 mL) and water (30 mL). The organic phase was 
separated and the aqueous phase was extracted further with dichloromethane (3x10 mL). 
The collected organic phases were washed with water (10 mL) and brine (30 mL) before 
drying with MgS0 4 . Upon evaporation of the solvents the obtained residue was purified by 
column chromatography (silica gel, EtOAc-heptane, 0-40 %) to yield 5,6-bis(4- 
c morophenyl)-3-(l-memoxyemyl)-iV--piperidm-l-ylpyrazm (6 mg, 0.01 

mmol) as a white solid. 

*H NMR (500 MHz, CDCI3) 8 8.48 (br s, 1H, N-#), 7.50 (d, 2H, J=8.5 Hz), 7.43 (d, 2H, 
J=8.5 Hz), 7.37 (d, 2H, 1=8.5 Hz), 7.32 (d, 2H, J=8.5 Hz), 5.77 (q, 1H, J=6.3 Hz), 3.41 (s, 
3H), 3.00-2.84 (m, 4H), 1.86-1.74 (m, 4H), 1.64 (d, 3H, J=6.3 Hz), 1.54-1.44 (m, 2H). 
HRMS Calcd for [QsHzeC^Oz+Hf : 485.151 1. Found: 485.1526. 

Example 14 

t^rt-hutvl 5.6-b^^-r-hlnmphenvl )-^-^ rre-hvdroxv-l -methvlethyl)aminolcarbonYl}- 
pvrazine-2-carboxvlate 
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Triphenylphosphine (230 mg, 0.876 mmol) dissolved in 2 ml acetonitrile/pyridine 1:1 was 
added to a suspension of (tert-butoxycarbonyl)-5,6-bis(4<Uorophenyl)pyrazine-2- 
carboxylic acid (260 mg, 0.584 mmol), carbon tetrachloride (1 ml, 10.4 mmol), 
triethylamine (0.12 ml, 0.88 mmol) and DBBA (113 mg, 0.88 mmol) in 5 ml 
acetonitrile/pyridine 1:1 at room temperature. The mixture was stirred over the weekend to 
give a clear brown reaction mixture. It consisted to a large part of starting material. More 
triphenyl phosphine (250 mg, 0.95 mmol) was added and another portion of DIEA (227mg, 
1.75 mmol) was added. The reaction mixture turned reddish. The mixture was stirred for 6 
hrs at room temperature and then ice was added. After 30 minutes most of the solvent was 
removed at about 35 °C and the residue was partitioned between methylene chloride and 
0.3 M KHS04. The organic extract was washed with sodium hydrogen carbonate solution 
and then dried (magnesium sulfate). Evaporation of the solvent gave a dark brown residue. 
Flash chromatography using toluene/EtOAc with increasing amounts of EtOAc and then 
preparative HPLC gave tert-butyl 5,6-bis(4-chlorophenyl)-3-{[(2-hydroxy-l- 
methylethyl)amino]carbonyl}-pyrazine-2-carboxylate 19 mg, 6.5%. 
*H NMR (600 MHz, CDC1 3 ) 5 7.72 (d, 1H), 7.43 (d, 2H), 7.39 (d, 2H), 7.34 (d, 2H), 7.29 
(d, 2H), 4.30-4.23 (m, 1H), 3.77 ("d", 1H), 3.69-3.64 (m, 1H), 2.66 (br s, 1H), 1.66 (s, 9H), 
1.30 (d, 3H). 

HRMS m/z calcd for [C25 H25 C12 N3 04]H + 502.1300, found 502.1297 
Example 15 

tert-butvl 5,6-bisf 4-chlorophenvD- 3- \ \( 4,4-difluorocy cl ohf»x Yl)ami no1carbonyl Ipvrazine- 
2-carboxvlate 

(tert-butoxycarbonyl)-5,6-bis(4-chlorophenyl)pyrazine-2-carboxylic acid (86 mg, 0.19 
mmol), (4,4-difluorocycIohexyl)amine (37 mg, 0.29 mmol), and PyBOP (220 mg, 0.42 
mmol) were mixed in pyridine (2 ml) and stirred for 3 hrs. Purification by preparative 
HPLC gave 68 mg (63%) of the target compound. 

*H NMR (400 MHz, CDC1 3 ) 5 7.53 (d, 1H), 7.44 (d, 2H), 7.40-7.34 (m, 4H), 7.31 (d, 2H), 
4.19-4.08 (m, 1H), 2.21-2.06 (m, 4H), 2.01-1.83 (m, 2H), 1.75-1.63 (m, 11H). 
HRMS m/z calcd for [C28 H27 C12 F2 N3 03]H* 562. 1476, found 562.1516 
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Example 16 

tert-buM 5,6-bis(4-chlorophen^ 

(tert-butoxycarbonyI)-5,6-bis(4-cM acid (76 mg, 0.17 

mmol), pentan-1 -amine (87 mg, 1 mmol), and PyBOP (181 mg, 0.348 mmol) were stirred 
in pyridine (2 ml) for 20 hrs. Purification by preparative HPLC gave 71 mg (81%) of the 
target compound 

*H NMR (400 MHz, CDCI3, mixture of retainers) 5 7.66 and 7.58 (t, 1H), 7.44 (d, 2H), 
7.39 (d, 2H), 7.35 (d, 2H), 7.30 (d, 2H), 3.54-3.28 (m, 2H), 1.75-1.59 (m, 11H), 1.58-1.17 
(m,2H), 0.99-0.90 (m,5H) 

HRMS m/z calcd for [C27 H29 C12 N3 03]!^ 514.1664, found 514.1663 
Example 17 

tert-butvl 5.6-bis(4-cMorophe^ 
carboxvlate 

(tert-butoxycarbonyl)-5,6-bis(4-chlorophenyl)pyrazine-2-carboxylic acid (100 mg, 0.22 
mmol), (l-ethylpropyl)amhie (29 mg, 0.34 mmol), and PyBOP (240 mg, 0.46 mmol) were 
stirred in pyridine (2 ml) for 25 hrs. Purification by preparative HPLC gave 95 mg (82%) 
of the title compound. 

l B NMR (400 MHz, CDC1 3 ) 5 7.44 (d, 2H), 7.39 (d, 2H), 7.35 (d, 2H), 7.30 (d, 2H), 4.07- 
3.96 (m, 1H), L74-1.61 (m, 11H), 1.59-1.46 (m, 2H), 0.96 (t, 6H) 
HRMS m/z calcd for [C27 H29 C12 N3 03^514.1664, found 514.1701 

Example 18 

tert-butvl 5.6-bis(4-cMoroph 
pvrazine-2-carboxvIate 

(tert-butoxycari)onyl)-5,6-bis(4-^^ acid (121 mg, 0.27 

mmol), 4,4-difluoropiperidin-l-amine (55 mg, 0.41 mmol), and PyBOP (283 mg, 0.543 
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mmol) were stirred in pyridine (2 ml) over the weekend. The mixture was diluted with 
methylene chloride and washed with dilute hydrochloric acid and bicarbonate solution, 
dried (magnesium sulfate) and the solvent was removed in vacuo. Purification of the 
residue by preparative HPLC gave 93 mg (61%) of the target compound. 
*H NMR (400 MHz, CDC1 3 ) 6 8.39 (s, 1H), 7.43 (d, 2H), 7.40-7.34 (m, 4H), 7.31 (d, 2H), 
3.13-3.07 (m, 4H), 2.28-2.15 (m, 4H), 1.68 (s, 9H) 

HRMS in/z calcd for [C27 H26 C12 F2 N4 03]!^ 563. 1428, found 563.1418 
Example 19 

5.6-bisf4-cMorophenvlVN-pip^ 
vllmethvllpvrazine-2-carboxamide 

Step A Ethvl 3-(azidomethvlV5.6-bisf4-chIorophenvl > )pvrazine-2-carboxvlate 
Ethyl 5,6-bis(4-cMorophenyI)-3-{ [(methyl 

(1360 mg, 2.86 mmol) was dissolved in DMF (10 ml) and NaN 3 (275.5 mg, 4.24 mmol) 
was added followed by one drop of water. The reaction mixture was stirred at rt for 2 h 20 
min whereafter it was poured into water and the water phase was extracted three times with 
toluene. Then the combined organic phase was washed three times with water, dried 
(MgS0 4 ), filtered and evaporated. The residue was used without further purification (1 163 
mg, 96%). 

! H NMR (400 MHz, CDC1 3 ) 6 7.50 (4H, m), 7.33 (4H, m), 4.91 (2H, s), 4.51 (2H, q), 1.46 
(3H,t). 

MS m/z 428, 430, 432 (M+H) + . 

Step B 3-fazidomethvlV5,6-bisf4-cMoronhenvl^wazine-2^arboxvlicacid 
Ethyl 3-(azidomethyl)-5,6-bis(4-chta^ (1152 mg, 2.69 

mmol) was dissolved in THF (10 ml) and LiOH (261.6 mg, 10.92 mmol) dissolved in 
water (5 ml) was added. The reaction mixture was stirred at rt for 1 h 15 min. The solvent 
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was evaporated and more water was added. The water phase was acidified with 10 % HC1 
and extracted three times with DCM. The combined organic phase was then washed three 
times with water before the solvent was removed under reduced pressure. The residue was 
used without further purification (1.0 g, 95 %). 



*H NMR (400 MHz, (CDs^SO) 5 7.48 (8H, m), 4.91 (2H, s). 
MS m/z 400, 402, 404 (M+H) + . 



Step C ^-fazidomethv1V5.6-bisf4-ch lorophenvnovrazine-2-carbonvI chloride 
3-(azidomethyl)-5,6-bis(4-chlorophenyl)pyrazine-2-carboxylic acid (1.0 g, 2.56 mmol) was 
dissolved in DCM (14 ml) and oxalylchloride (1.08 ml, 12.81 mmol) was added at rt 
followed by one drop of DMF which resulted in gas formation. The mixture was stirred at 
rt for 40 min whereafter the solvents were removed under reduced pressure. The residue 
was used without further purification (1.0 g, 95 %). 
f H NMR (400 MHz, CDC1 3 ) 8 7.58 (4H, m), 7.37 (4H, m), 4.86 (2H, s). 
MS m/z 414, 416, 418 (M+H) + . 

sn>p n ^.( a ririnmethv1V5.6-bi S r4-ch1oTODhenv l VN-piperidin-1 -yln wazine-2-carboxamide 
A mixture of 1-aminopiperidine (687.1 mg, 5.03 mmol), TEA (1.36 ml, 9.75 mmol) and 
DCM (10 ml) was added to 3-(azidomethyl)-5,6-bis(4-chlorophenyl)pyrazine-2-carbonyl 
chloride (1.0 g, 2.44 mmol) dissolved in DCM (10 ml). The reaction mixture was stirred at 
rt for 2.5 days whereafter the organic phase was extracted twice with water before the 
solvent was removed under reduced pressure. The residue was purified by flash 
chromatography (Si0 2 , DCMrethyl acetate, 0 % to 7 % ethyl acetate) to yield the title 
compound (1005 mg, 85 %) as a pale yellow powder. 

l H NMR (400 MHz, CDC1 3 ) 5 8.54 (1H, s), 7.41 (8H, m), 5.12 (2H, s), 2.90 (4H, s), 1.78 

(4H,m),1.47(2H,s). 

MS m/z 482, 484, 486 (M+H) + . 
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Step E 5,6-bis(4^hlorophenvIVN-p i ^ 
yDmethvIlpvrazine-2-carboxamide 

Pentyne (0.021 ml, 0.210 mmol) was added to 3-(azidomethyl)-5,6-bis(4-chlorophenyl)-N- 
piperidin-l-ylpyrazine-2-carboxainide, (50.6 mg, 0.105 xnmol) dissolved in a 1:1 mixture 
of water and terf-butyl alcohol (1.4 ml). Sodium ascorbate was dissolved in a minimum 
amount of water and added to the reaction mixture. The copper sulphate also dissolved in a 
minimum amount of water was added to the reaction mixture which made it change colour 
from white to red. The reaction mixture was stirred at rt for 5 h whereafter one more eq of 
pentyn, 0.2 eq of sodium ascorbate, 0.1 eq of copper sulphate and THF (2 ml) were added 
The temperature was increased to 40 °C After three days the reaction mixture was diluted 
with DCM and washed three times with water before the solvents were removed under 
reduced pressure. The residue was purified by flash chromatography (Si02 t DCMrethyl 
acetate, 10 % to 100 % ethyl acetate) to yield the title compound (23.3 mg, 40 %). 
*H NMR (400 MHz, CDC1 3 ) 8 8.53 (1H, s), 7.61 (1H, s), 7.35 (4H, m), 7.25 (4H, m), 6.28 
(2H, s), 2.88 (4H, s), 2.72 (2H, t), 1.78 (4H, m), 1.71 (2H, q), 1.47 (2H, s), 0.96 (3H, t). 
MS mfz 550 (M+H) + . 
Example 20 

5.6-bis(4K:MorophenvlW 
piperidin- 1 -vIpyrazine-2-carboxamide 
Example 21 

5.6-bis(4^MoiophenvlV3-fr5-a-h^ 
piperidin- 1 - vlp vrazine-2-carboxamide 

l-butyn-3-ol (0.72 ml, 9.23 mmol) was added to a suspension of 3-(azidomethyl)-5,6- 
bis(4K;Worophenyl)-N-piperidin-l-ylpyrazine-2-carboxamide, (890 mg, 1.85 mmol) in 
toluene (8 ml). The reaction mixture was stirred at 65 °C for four days, added 5 more 
equivalent of l-butyn-3-ol after 18 h. The solvent was removed under reduced pressure and 
the regio isomers were separated by preparatory HPLC (kromasil C8 column, ammonium 
acetate (aq, 0.1 M):acetonitrile) to yield Ex. 20 (460 mg, 45 %) and Ex. 21 (405 mg, 39 %) 
as pale yellow powders. 
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Ex. 20: l H NMR (500 MHz, CDCI3) 5 8.56 (1H, s), 7.84 (1H, s), 7.38 (4H, m), 7.27 (4H, 
m), 6.33 (2H, s), 5.12 (1H, q), 2.91 (4H, s), 1.81 (4H, m), 1.62 (3H, d), 1.50 (2H, s). 
MS m/z 552, 554, 556 (M+H) + . 

Ex. 21: *H NMR (500 MHz, CDC1 3 ) 5 8.53 (1H, s), 7.72 (1H, s), 7.27 (8H, m), 6.43 (2H, 
AB-pattem), 5.07 (1H, q), 2.91 (4H, s), 1.80 (4H, m), 1.61 (3H, d), 1.49 (2H, s). 
MS m/z 552, 554, 556 (M+H) + . 

Example 22 

terf-butvl f ri-(r5.6-bisr4-cb1orophenvlV3 - r(pr^^ n - 1 - v?amino>c ^ onvllp ^ aril1 ' 2 " 
yl }methvlVlH-1 ^^riazol- ^Y 1 !™^"^ 3 "^ 6 

Example 23 

tert-hutvl ( n-f l5.6-bisf4-cMn r-n r h e nvn-3-f(r r > "^^-"' -Y^™™^carhonvilDvrazin-2- 
yl jmethvlVI H-1 .2.3-triazn1-5-vnmethvl)carbamate 

3-(azidomemyI)-5,64>is(4-cmoroph^^^^ (92.3 
mg, 0.191 mmol) was dissolved in toluene (1 ml) and terf-butyl prop-2-yn-l-ylcarbamate 
(148.5 mg, 0.957 mmol) was added. The reaction mixture was heated to 65 °C under N 2 . 
After 16 h another 3 equivalents of tert-butyl prop-2-yn-l-ylcarbamate were added. After 
24 h the temperature was decreased to rt for 2.5 days thenthe temperature was increased to 
65 °C again and 3 more equivalents of tert-butyl prop-2-yn-l-ylcarbamate were added. 
After another 24 h the solvent was removed under reduced pressure. The isomers were 
separated by preparative HPLC (kromasil Cyano, heptan/ethyl acetate/FA/TEA 
70/30/0.1/0.05) to yield Ex. 22 (9.4 mg, 8 %) and Ex. 23 (2.6 mg, 2 %) as pale yellow 
powders. 

Ex. 22: *H NMR (400 MHz, CDC1 3 ) 6 8.56 (1H, s), 7.83 (1H, s), 7.37 (4H, m), 7.26 (4H, 
m), 6.32 (2H, s), 5.10 (1H, s), 4.44 (2H, d), 2.90 (4H, t), 1.80 (4H, m), 1.49 (2H, m), 1.44 
(9H,s). 

MS m/z 637, 639, 641 (M+H) + . 

Ex.23: l H NMR (400 MHz, CDCI3) 8 8.56 (1H, s), 7.70 (1H, s), 7.26 (8H, m), 6.35 (2H, s), 
4.98 (1H, s), 4.42 (2H, d), 2.90 (4H, s), 1.79 (4H, m), 1.48 (2H, m), 1.32 (9H, s). 
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MS m/z 637, 639, 641 (M+H)\ 
Example 24 

3-f r4-(aminomethvlVlH-l ,2.3-triazol-l-vl1methvl)-5.6-bfc^^ 
1 - yip vrazine-2-carboxamide hydrochloride 

A mixtuie of thionyl chloride (0.05 ml, 0.674 mmol) and methanol (0.2 ml) prepared at 
subzero temperature was added to tert-butyl {[H{5,6-bis(4-cUorophenyl)-3-[(piperi 
ylamind)carbonyl]pyrazin-2-yl^^ (8.6 mg, 

0.014 mmol) dissolved in methanol (0.05 ml) at subzero temperature. The ice bath was 
removed after the addition. After 2 h 20 min the solvent was removed under reduced 
pressure to yield the title compound (5.8 mg, 74 %) as a pale yellow powder. 
l R NMR (500 MHz, CD 3 OD) 8 7.55 (1H, s), 7.35 (8H, m), 6.36 (2H, s), 4.29 (2H, s), 3.46 
(4H, s), L96 (4H, s), 1.66 (2H, s). 
. MS m/z 537, 539, 541 (M+H) + . 

Example 25: 

^ {[ S-faniinometh Yn-m-1.23-tri 
l-ylpvrazine-2-carbo x amide hy drochloride 
7V?rf-butyl {[H{5,6-bis(4-cMorophenyl)^ 

yI}methyl)-lH-l,2,3-triazol-5-yl]methyl}carbamate (2.6 mg, 0.004 mmol) was treated with 
thionyl chloride (0.05 ml, 0.689 mmol) in methanol (0.2 ml) as described in Ex 24, to give 
the title compound (1.9 mg, 80 %) as a pale yellow powder. 

1 H NMR (400 MHz, CD 3 OD) 5 7.96 (1H, s), 7.40 (9H, m), 6.47 (2H, s), 4.47 (2H, s), 3.49 
(4H, s), 1.98 (4H, s), 1.67 (2H, s). 
MS m/z 537, 539, 541 (M+H) + . 

Example 26 

5.6-bis(4K:Morophenviy3-fphenoxv^^ 



Step A Ethyl 5.6-bis(4-chloronhenvlV3-(phenoxvmethvnpvrazine^2-^boxvlate 
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Ethyl 5,64>is(4-cMorophenyl)-3-(hyd^ (0.157 g, 0.389 

mmol) was dissolved in dry THF (3.9 mL) under Ar. Phenol (0.055 g, 0.584 mmol) and 
triphenylphosphine 0.123 g, 0.467 mmol) were added. Upon cooling to 0°C diethyl 
azodicarboxylate (0.075 g, 0.43 mmol) was added dropwise. After stirring at 0°C for 2 h 
TLC analysis indicated full conversion of the starting material and the the flask was put in 
a freezer overnight awaiting purification. Next morning the reaction mixture was 
transferred to a bigger flask with the aid of dichloromethane. Silica gel (1 g) was added 
and the solvents were evaporated. The obtained solid residue was put on top of a pre- 
packed column (silica gel, heptane) and the products were eluted with an EtOAc- 
dichloromethane gradient (0-70 %). A second round of column chromatography gave ethyl 
5,6-bis(4-chlorophenyl)-3-(phenoxymethyl)pyrazine-2-carboxylate as viscous colourless 
oil (0.129 g, 0.27 mmol, 69 %). 

*H NMR (500 MHz, CDC1 3 ) 6 7.48-7.40 (m, 4H), 7.35-7.29 (m, 6H), 7.02-6.98 (m, 3H), 

5.58 (s, 2H), 4..44 (q, 7.0 Hz, 2H), 1.35 (t, 7.0 Hz, 3H). 

HRMS Calcd for [C^oCli^Ch+Hf: 479.0929. Found: 479.0938. 

Step B 5.6-bisf4-cMorophenvl>3-fphenoxvme^ 
carboxamide 

Piperidine-1 -amine. hydrochloride (0.221 g, 1.62 mmol) was dissolved in dichloromethane 
(1.5 mL) under Ar and trimethylaluminium (1.65 mL, 2.0 M in toluene, 3.3 mmol) was 
carefully added during ca 5 min. The solution was stirred at ambient temperature for 1.5 h 
and, as a result, a ca 0.51 M solution of an amide reagent was obtained. 0.7 mL (0.36 
mmol, ca 2 eq.) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl>3- 
(phenoxymethyl)pyrazine-2-carboxylate (0.085 g, 0.18 mmol) which had been placed in a 
dry round flask under Ar. A red solution was obtained, which was stirred at 50°C 
overnight Next morning the reaction mixture was transferred to a separation funnel with 
the aid of dichloromethane (30 mL). HC1 (aq, 2 M, 30 mL) was added. The organic phase 
was separated and the aqueous phase was extracted further with dichloromethane (3 x 10 
mL). The collected organic phases were washed consecutively with H2O (15 mL) and brine 
(30 mL) before drying with MgSO* Upon evaporation of the solvents the residue was 
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purified by column chromatography (silica gel; EtoAc/heptane, 0-40 %) to yield 5,6-bis(4- 
chlorophenyl)-3-(phenoxymethyl)-^ as a crispy, 

yellowish solid (0.079 g, 0. 1 5 mmol, 84 %). 

*H NMR (500 MHz, CDC1 3 ) 5 8.51 (br s, 1H), 7.42-7.22 (m, 10H), 7.03-6.93 (m, 3H), 5.87 
(s, 2H), 2.92-2.89 (m, 4H), 1.82-1.75 (m, 4H), 1.50-1.46 (m, 2H). . 
HRMS Calcd for [C^a^aNiQrHH]*: 533.151 1. Found: 533.1480. 

Example 27 

5.6-bisf4-cMorophenvl)-3-fmorphofo^ 
carboxamide 

Step A Ethyl 5,6-bisf4-cMorophenvl)-3-fmorpholin-4-ylmet hYl)pyra7in e-2-carboxvlate 
Ethyl 5,6-bis(4-chlorophenyl)-3-formylpyrazine-2-carboxylate (0.115 g, 0.287 mmol) was 
dissolved in 1,2-dichloroethane (1.0 mL). Morpholine (0.027 g, 0.32 mmol) was added 
(yielding an orange-coloured solution) and finally sodium triacetoxyborohydride (0.091 g, 
0.43 mmol). The reaction was allowed to stir overnight. Next morning TLC analysis 
indicated full conversion of the starting material. The reaction mixture was transferred to a 
separation funnel with the aid of EtOAc (30 mL). NaHCOs (aq., sat., 30 mL) was added. 
The organic phase was separated and the aqueous phase was extracted further with EtOAc 
(3 x 10 mL). The collected organic phases were washed with H 2 0 (15 mL) and brine (30 
mL) before drying with MgSC>4. Upon evaporation of the solvents the residue was purified 
by column chromatography (silica gel; EtOAc-dichloromethane 0-20 %) to yield ethyl 5,6- 
bis(4-chlorophenyl)-3-(morpholin-^^ as a viscous 

colourless oil (0.125 g, 0.264 mmol, 92 %). 

l H NMR (500 MHz, CDC1 3 ) 5 7.46-7.41 (m, 4H), 7.34-7.29 (m, 4H), 4.49 (q, 7.0 Hz, 2H), 
3.99 (s, 2H), 3.69-3.66 (m, 4H), 2.55-2.52 (m, 4H), 1.47 (t, 7.3 Hz, 3H). 
HRMS Calcd for [C^ChW^Ht: 472.1 195. Found: 472.1 182. 

Step B 5,6-bisf4-cMorophenYl)-3-(morphoUn-4-y^^ 
carboxamide 



WO 2004/111034 



57 



PCT/SE2004/000970 



Piperidine-l-amine hydrochloride (0.221 g, 1.62 mmol) was dissolved in dichloromethane 
(1.5 mL) under Ar and trimethylaluminiiim (1.65 mL, 2.0 M in toluene, 3.3 mmol) was 
slowly added during ca 5 min. The solution was stirred at ambient temperature for 1.5 h 
and, as a result, a ca 0.51 M solution of an amide reagent was obtained. 0.8 mL (0.36 
mmol, ca 2 eq.) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3- 
(morpholin-4-ylmethyl)pyrazine-2-carboxylate (0.094 g, 0.20 mmol) which had been 
placed in a dry round flask under Ar. A red solution was obtained, which was stirred at 
50°C overnight. Next morning the reaction mixture was transferred to a separation funnel 
with the aid of dichloromethane (30 mL). H 2 0 (30 mL) was added. The pH of the aqueous 
phase was adjusted to ca 7 with NaOH (aq, 2 M). The organic phase was separated and the 
aqueous phase was extracted further with dichloromethane (4 x 10 mL). The collected 
•organic phases were washed with brine (30 mL) before drying with MgS0 4 . Upon 
evapoartion of the solvents the residue was purified by column chromatography (silica gel; 
EtOAc-dichloromethane 0-100 %) to yield 5,6-bis(4-chlorophenyl)-3-(morpholin-4- 
ylmemyl)-Ar-piperidin-l-ylpyra2ine-2-carboxamide as a viscous yellowish oil (0.077 g, 
0.15 mmol, 73%). 

l H NMR (500 MHz, CDC1 3 ) 5 8.63 (br s, 1H), 7.44-7.37 (m, 4H), 7.36-7.27 (m, 4H), 4.27 
(s, 2H), 3.73-3.69 (m, 4H), 2.92-2.88 (m, 4H), 2.71-2.68 (m, 4H), 1.81-1.74 (m, 4H), 1.49- 
1.46 (m,2H). 

HRMS Calcdfor [C^azNsOj+Hf: 526.1777. Found: 526.1781. 
Example 28 

5.6-bisf4-cMnrophenvlV3-fp i peri^ 

Step AEmvl5.6-bisr4-cMorooheDv1V3-fpiperidin -l-vlmemvBnvra7,ine-2-carbox^ 
Ethyl 5,6-bis(4-cUorophenyl)-3-fomylpyrazine-2-carboxylate (0.069 g, 0.17 mmol) was 
dissolved in U-dichloroethane (0.6 mL). Piperidme (0.016 g, 0.19 mmol) was added 
(yielding an orange-coloured solution) and finally sodium triacetoxyborohydride (0.055 g, 
0.26 mmol). The reaction was allowed to stir overnight Next morning the reaction mixture 
was transferred to a separation funnel with the aid of EtOAc (30 mL). NaHC0 3 (aq., sat, 
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30 mL) was added. The organic phase was separated and the aqueous phase was extracted 
further with EtOAc (2 x 10 mL). The collected organic phases were washed with H 2 0 (10 
mL) and brine (25 mL) before drying with MgSO*. Upon evaporation of the solvents the 
residue was purified by column chromatography (silica gel; EtOAc-dichloromethane 0^50 
%) to yield ethyl 5,6-bis(4-chlorophenyl)-3Kpipe 
as a yellowish solid (0.051 g, 0.1 1 mmol, 63 %). 

*H NMR (500 MHz, CDC1 3 ) 5 7.44-7.39 (m, 4H), 7.32-7.25 (m, 4H), 4.46 (q, 7.1 Hz, 2H), 
3.90 (s, 2H), 2.55-2.35 (m, 4H), 1.57-1.48 (m, 4H), 1.48-1.35 (m, 5H). 
HRMS Calcd for [C25H25Cl2N 3 02+H] + : 470.1402. Found: 470.1368. 

Step , B 5,6-bis(4-chlorophenvl)-3 -( piperidin- 1 -vlmethvl ViV-piperidin- 1- vlpyra7:iTie-2- 
carboxamide 

Pipesdkie-l-amine hydrochloride (0.221 g, 1.62 mmol) was dissolved in dichloromethane 
(1.5 mL) under Ar and trimethylaluminium (1.65 mL, 2.0 M in toluene, 3.3 mmol) was 
added slowly during ca 5 min. The solution was stirred at ambient temperature for 1.5 h 
and, as a result, a ca 0.51 M solution of an amide reagent was obtained. 0.39 mL (0.20 
mmol, ca 3 eq.) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3- 
(piperidin-l-yImethyl)pyrazine-2-carboxylate (0.032g, 0.068 mmol) which had been 
placed in a dry round flask under Ar. A red solution was obtained, which was stirred at 
50°C overnight. Next morning the reaction mixture was cooled to 0°C. Dichloromethane 
(ca 3 mL) was added followed by HC1 (aq., 2 M, ca 1 mL). The mixture was transferred to 
a separation funnel with the aid of dichloromethane (30 mL) and H 2 0 (30 mL) was added. 
The pH of the aqueous phase was adjusted to ca ca 8 with NaOH (aq, 2 M). The organic 
phase was separated and the aqueous phase was extracted further with dichloromethane (4 
x 10 mL). The collected organic phases were washed with brine (30 mL) before drying 
with MgS04. Upon evaporation of the solvents the residue was purified by column 
chromatography (silica gel; EtOH-toluene 0-6 %) to yield 5,6-bis(4-chlorophenyl)-3- 
(piperidm-l-ylmethy^-iV^piperidm- as a yellow, viscous oil 

(0.029 g). Further purification by preparative HPLC (CH3CN-H2O (NHUOAc buffer), 75- 
100 % over 60 min) yielded the desired compound (0.017 g, 0.032 mmol, 48 %). 
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l K NMR (500 MHz, CDC1 3 ) 5 9.43 (br s, 1H), 7.47-7.37 (m, 4H), 7.33-7.26 (m, 4H), 4.08 
(s, 2H), 2.93-2.90 (m, 4H), 2.66-2.46 (m, 4H), 1.90-1.68 (m, 4H), 1.68-1.54 (m, 4H), 1.54- 
1.40 (m,4H). 

HRMS Calcd for [CzgHsiCkNsO+Hf : 524.1984. Found: 524.2031. 
Example 29 

5.6-his(4-chlorophenviy3-r(^^ 
carboxamide 

Step A 5.6-bisf4-chTorophenvlV3-rfcvclote^ 
acid 

Ethyl 5,6-bis(4-cUorophenyl)-3-(hydroxymethyI)pyrazine-2-carboxylate (0.139 g, 0.345 
mmol) was dissolved in dichloromethane (1.7 mL). 3-bromocyclohexene (0.139 g, 0.862 
mmol) and tetrabutylammonium hydrogensulphate (0.012 g, 0.034 mmol) were added. 
Finally, NaOH (aq., 50 % w/w, 1.7 mL) was added immediately producing an intensely red 
solution. After vigorous stirring for 4 h another portion of 3-bromocyclohexene (0.139 g, 
0.862 mmol) was added and the reaction was stirred overnight. Next morning the reaction 
mixture was transferred to a separation funnel with the aid of dichloromethane (30 mL). 
HC1 (aq., 2 M, 30 mL) was added. The organic phase was separated and the aqueous phase 
was extracted further with dichloromethane (3 x 10 mL). The collected organic phases 
were washed with brine (30 mL) before drying with MgS0 4 . Upon evaporation of the 
solvents the obtained residue was purified by column chromatography (silica gel). ). The 
products were eluted with two successive gradients: firstly, EtOAc-heptane 0-50 % and, 
secondly, EtOAc-heptane 50-60 % with HCOOH (1 % v/v) added to the eluent. 5,6-bis(4- 
cWorophenyl)-3-[(cyclohex-2-en-l-yloxy)memyl]pyrazine-2-carboxylic acid was obtained 
as a brownish, amorphous solid (0.084 g, 0.18 mmol, 53 %). 

'H NMR (500 MHz, CDCI3) 5 7.50-7.31 (m, 8H), 5.90 (br s, 2H), 5.29 (d, 12.5 Hz, 1H), 
5.22 (d, 12.5 Hz, 1H), 4.22^.17 (m, 1H), 2.16-1.46 (m, 6H). 



Step ft Methyl 5.6-bisf4-chlorophenvlV3-rfcvclohex-2^en-l-v1oxv) methyllpvrazine-2- 
carboxvlate 
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5,6-bis(4-cMorophenyl>3-[(cyc^ acid 
(0.073 g, 0.16 mmol) was dissolved in dichloromethane (1.6 mL). MeOH (0.4 mL) was 
added, (trimethylsilyl)diazomethatie (105 |iL, 0.21 mmol, 2 M in hexanes) was added 
dropwise at such a rate as to keep the gas evolution under control. After stirring overnight 
the reaction mixture was transferred to a bigger flask with the aid of dichloromethane. 
Silica gel (1 g) was added and the solvents were evaporated The obtained residue was put 
on top of a pre-packed column (silica gel; heptane) and the products were eluted with an 
EtOAc-heptane gradient (0-10 %). Methyl 5,6-bis(4~chlorophenyl)-3-[(cyclohex-2-en-l- 
yloxy)methyl]pyrazine-2-carboxylate was obtained as a viscous, colourless oil (0.057 g, 
0.12 mmol, 76%). . 

*H NMR (500 MHz, CDCI 3 ) 8 7.46-7.39 (m, 4H), 7.33-7.27 (m, 4H), 5.95-5.75 (m, 2H), 
5.06 (d, 12.1 Hz, 1H), 5.00 (d, 12.1 Hz, 1H), 4.09-4.02 (m, 1H), 4.01 (s, 3H), 2.20-1.40 (m, 
6H). 

HRMS Calcd for [CTsKnCl^Os+Hf: 469.1086. Found: 469.1083. 

Step C 5,6-bis(4-cMorophenvl)-3-r(c^ 
ylpvrazine-2-carboxamide 

Piperidine-1 -amine hydrochloride (0.272 g, 2.00 mmol) was dissolved in dichloromethane 
(2.0 mL) under Ar and trimethylaluminium (2.0 mL, 2.0 M in toluene, 4.0 mmol) was 
carefully added dining ca 5 min. The solution was stirred at ambient temperature for 1.5 h 
and, as a result, a ca 0.50 M solution of an amide reagent was obtained 0.56 mL (0.28 
mmol, ca 3 eq.) of this stock solution was added to methyl 5,6-bis(4-chlorophenyl)-3- 
[(cyclohex-2-en-l-yloxy)methyl]pyrazine-2-carboxylate (0.044g, 0.094 mmol) which had 
been placed in a dry round flask under Ar. A red solution was obtained, which was stiiTed 
at 50°C overnight Next morning the reaction mixture was cooled to 0°C. Toluene (ca 3 
mL) was added followed by HQ (aq., 2 M, ca 1 mL). The mixture was transferred to a 
separation funnel with the aid of dichloromethane (30 mL) and H 2 0 (30 mL) was added. 
The organic phase was separated and the aqueous phase was extracted further with 
dichloromethane (4 x 10 mL). The collected organic phases were washed with brine (30 
mL) before drying with MgSC>4. Upon evaporation of the solvents the obtained residue was 
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purified by column chromatography (silica gel; EtOAc-heptane 0-70 %) to yield 5,6-bis(4- 

cMorophenyl>3-[(cyclohex-2-en^y^ 

carboxamide as a yellowish soUd (0.036 g, 0.067 mmol, 71 %). 

*H NMR (500 MHz, CDCI3) 5 8.43 (br s, -Ntf, 1H), 7.51-7.31 (m, 8H), 5.88 (br s, 2H), 
5.24 (d, 12.5 Hz, 1H), 5.19 (d, 12.5 Hz, 1H), 4.16-4.12 (m, 1H), 3.00-2.80 (m, 4H), 2.20- 
i.40(m,12H). 

HRMS Calcdfor [C 29 H 30 a2N4O2+H] + : 537.1824. Found: 537.1823. 

Example 30 

5j £bisl4 J <*^ 
carboxamide 

Step A Kthvl 3-rbromo^hvn-5.6-bis^ hlnro phenvlrovrazine-2-caibox Y late 
Ethyl 5,6-bis(4-cWorophenyl)-3-(hydroxymemyl)pyrazine-2-carboxylate (0.100 g, 0.248 
mmol) was dissolved in dichloromethane (2.5 mL) and triphenylphosphine (0.072 g, 0.27 
mmol) was added. Upon cooling to 0°C carbon tetrabromide (0.123 g, 0.372 g) was added 
in one portion. The solution gradually turned yellow. After stirring at 0°C for 1 h the ice 
bath was removed and the solution was allowed ro reach ambient temperature. Stirring 
overnight. Next morning the consumption of starting material was complete based on 
TLC. The reaction mixture was transferred to a bigger flask with the aid of 
dichloromethane. SUica gel (1 g) was added and the solvents were evaporated The 
obtained residue was put on top of a pre-packed column (silica gel; heptane) and the 
products were eluted with a dichloromethane-heptane gradient (0-70 %). Ethyl 3- 
(bromomemyl)-5,6-bis(4-cMo ro phenyl)pyrazme-2-carboxylate was obtained as a 

colourless oil (0.061 g, 0.13 mmol, 53 %). 

>H NMR (500 MHz, CDC1 3 ) 8 7.52-7.42 (m, 4H), 7.38-7.28 (m, 4H), 5.05 (s, 2H), 4.54 (q, 
7.2Hz,2H),l-48(t,7.lHz,3H). 

HRMS Calcd for [QoHuCbNz^+H]^. 464.9772. Found: 464.9785. 



Step B 16jMgl4^ch^^ 
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Ethyl 3-(bromomethyl)-5,6-bis(4-chloropheny^ (0.045 g, 0.097 

mmol) was dissolved in dichloromethane (1.5 mL). Tetrabutylammonium 
hydrogensulphate (0.003 g, 0.01 mmol) and cyclohexanol (0.048 g, 0.48 mmol) were 
added. Finally, NaOH (aq., 50 % w/w, 0.5 mL) was added and the solution took on an 
orangy colour. The mixture was stirred vigorously overnight. Next morning the reaction 
mixture was transferred to a separation funnel with the aid of dichloromethane (30 mL). 
HC1 (aq., 2 M, 30 ml) was added. The organic phase was separated and the aqueous phase 
was extracted further with dichloromethane (3 x 10 mL). The collected organic phases 
were washed with brine (30 mL) before drying with MgSCU. The solvents were evaporated 
and the obtained crude residue, containing 5,6-bis(4-chlorophenyl>3- 
[(cyclohexyloxy)methyl]pyrazine-2-carboxylic acid, was used as such in the next step. 

Step C Methyl S^-bisf^cMorophenvlVS-rfcvclohexvloxv^methyllpwazine^^aiboxvlate 
Crude 5,6-bis(4-chIorophenyl)-3-[(cyclohexylo^^ acid (see 

above) was dissolved in dichloromethane (2.0 mL). MeOH (0.5 mL) was added Finally, 
(trimethylsilyl)diazomethane (100 ]xL 9 0.2 mmol, 2 M in hexanes) was added dropwise at 
such a rate as to keep the gas evolution under control. After stirring overnight the reaction 
mixture was transferred to a bigger flask with the aid of dichloromethane. Silica gel (0.5 g) 
was added and the solvents were evaporated. The obtained residue was put on top of a pre- 
packed column (silica gel; heptane) and the products were eluted with an EtOAc-heptane 
gradient (0-25 %). Methyl 5,6-bis(4-chlorophenyl)-3-[(cyclohexyloxy)methyl]pyrazine-2- 
carboxylate was obtained as a colourless semi-solid (0.006 g, 0.013 mmol, 13 %). 
*H NMR (500 MHz, CDC1 3 ) 5 7.47-7.38 (m, 4H), 7.34-7.27 (m, 4H), 4.98 (s, 2H), 4.01 (s, 
3H), 3.49-3.39 (m, 1H), 2.02-L90 (m, 2H), 1.82-L68 (m, 2H), 1.42-1.14 (m, 6H). 

Step D 5.6-bis(4^hlorophenvlV^^ 
carboxamide 

Piperidine-l-amine hydrochloride (0.342 g, 2.50 mmol) was dissolved in dichloromethane 
(2.5 mL) under Ar and trimethylaluminium (2.5 mL, 2.0 M in toluene, 5.0 mmol) was 
carefully added during ca 5 min. The solution was stirred at ambient temperature for 1.5 h 
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and, as a result, a ca 0.50 M solution of an amide reagent was obtained. 0.50 mL (0.25 
mmol,. ca 24 eq.) of this stock solution was added to methyl 5,6-bis(4-chlorophenyl)-3- 
[(cyclohexylo X y)memyl]pyrazine-2-carboxylate (0.005g, 0.011 mmol) which had been 
placed in a dry round flask under Ar. A red solution was obtained, which was stirred at 
50°C overnight. Next morning the reaction mixture was cooled to 0°C. Dichloromethane 
(ca 3 mL) was added followed by HC1 (aq., 2 M, ca 1 mL). The mixture was transferred to 
a separation funnel with the aid of dichloromethane (30 mL) and H 2 0 (30 mL) was added. 
The organic phase was separated and the aqueous phase was extracted further with 
dichloromethane (3 x 10 mL). The collected organic phases were washed with H 2 0 (10 
mL) and brine (30 mL) before drying with MgS0 4 . Upon evaporation of the solvents the 
obtained residue was purified by column chromatography (silica gel; EtOAc-heptane 0-50 
%) to yield 5.6*to(4-cU«^ 

2-carboxamide as a viscous, yellowish oil (0.004 g, 0.0074 mmol, 70 %). 
'H NMR (500 MHz, CDC1 3 ) 6 8.38 (br s, 1H), 7.48-7.42 (m, 2H), 7.42-7.27 (m, 6H), 5.23 
(s, 2H), 3.63-3.52 (m, 1H), 2.98-2.81 (m, 4H), 2.12-1.96 (m, 2H), 1.86-1.70 (m, 4H), 1.50- 
1.14 (m, 10H). 

HRMS Calcd for [C^CliN^+H]^ 539.1981. Found: 539.1987. 



Example 31 

§ ^i^chlorop Hpn Y n- A^2-hvd mxv^^ - 
Hfoarhoxamide; 

PyBOP (228 mg, 0.439 mmol), dissolved in DCM (I ml), was added to a mixture of 5,6- 

bis(4-cworophenyl)-W^ ^ (12 ° mg ' 

0.255 mmol) and 2-aminoethanol (25 pi, 0.415 mmol) in DCM (4 ml) and TEA (0.5 ml), at 
0°C. The reaction was continued at 0°C for 15 minutes and thereafter at room temperature 
4 hours. A precipitate had been formed. The solvent was evaporated and the mixture 
dissolved in ethyl acetate, extracted with water and dried over MgS0 4 - The product was 
purified by flash chromatography (Si0 2 , toluene:ethyl acetate 1:9) and thereafter 
preparatory HPLC (kromasil C8 column, ammonium acetate (aq, 0.1M):acetonitrile, 
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product came at about 80% acetonitrile) to give the title compound as a white powder (55 
mg,42%). 

l H NMR (400 MHz, THF-d8) 8 8.74 and 8.20 (s, 1H), 8.42-8.33 and 8.25-8.18 (m, 1H), 
7.60-7.48 (m, 4H), 7.41-7.31 (m, 4H), 4.30-3.90 (br, 1H), 3.70-3.52 (m, 2H), 3.52-3.43 (m, 
2H), 2.95-2.40 (m, 4H), 1.70-1.62 and 1.38-1-10 (m, 4H), 1.46-1.38 and 1.38-1.10 (m, 
2H). 

13 C NMR (100 MHz, CDC1 3 ) 6 170.25, 165.84, 163.78, 162.61, 152.18, 151.22, 150.73, 
148.96, 148.10, 143.88, 142.19, 138.32, 136.32, 136.21, 136.00, 135.61, 135.23, 135.10, 
131.23, 129.09, 129.01, 61.86, 61.38, 56.90, 42.79, 42.46, 25.39, 25.18, 23.25, 23.04. 
HRMS Calcd for [CasH^sOaClrt-Hf: 5 14. 141 . Found: 5 14. 144. 
Example 32 

5,6-bis(4-chlorophenyl)- iV*-(3-hyd^oxybutyl)-iv''-piperidm-l-ylpyrazine-2,3 - 
dicarboxamide; 

PyBOP (245 mg, 0.470 mmol), dissolved in DCM (1 ml), was added to a mixture of 5,6 
bis(4-cMorophenyl)-3-[piperichn-l-y^^ acid (136 mg, 

0.289 mmol) and 4-amino-2-butanol (40 mg, 0.449 mmol) in DCM (4 ml) and TEA (1 ml), 
at 0°C. The reaction was continued at 0°C for 15 minutes and thereafter at room 
temperature 5 hours. The mixture was extraced with water and dried over MgS0 4 . The 
residue was purified by flash chromatography (SiC^, ethyl acetate) to give the title 
compound as a slightly yellow powder (104 mg, 67%). 

'H NMR (400 MHz, CDC1 3 ) 5 8.24 and 7.81 (t, 1H), 7.86 and 7.60 (s, 1H), 7.45-7.25 (m, 
8H), 3.96-3.88 and 3.88-3.73 (m, 1H), 3.88-3.73 and 3.46-3.30 (m, 2H), 3.40-3.20 and 
2.80-2.50 (br, 1H), 2.96-2.88 and 2.88-2.40 (m, 4H), 1.80-1.53 (m, 2H), 1.80-1.65 and 
1.35-1.20 (m, 4H), 1.45-1.35 and 1.20-1.10 (m, 2H), 1.20-1.10 (m, 3H). 
I3 C NMR (100 MHz, CDC1 3 ) 8 170.20, 165.13, 163.63, 152.32, 151.02, 150.80, 148.93, 
148.31, 143.41, 142.95, 137.99, 136.28, 136.30, 136.19, 136.02, 135.74, 135.66, 135.32, 
135.30, 131.27, 131.22, 129.13, 129.02, 65.74, 65.38, 56.92, 38.81, 38.47, 37.27, 36.78, 
25.43, 23.60, 23.52, 23.36, 23.05. 

HRMS Calcd for [C^HzsNjC^Cla+Hf: 542. 173. Found: 542.176. 
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Example 33 

^ fi-Bis^cmorophenvlVAT-G-hv^ 
dicarboxamide 

PyBOP (193 mg, 0.371 mmol), dissolved in DCM (1 ml), was added to a mixture of 5,6- 
bis(4-cMorophenyl)-3-[piperidm^ acid (91 mg, 

0.194 mmol), l-amino-2-propanol (1 1 1 mg, 1.47 mmol) and TEA (1 ml), in DCM (3 ml) at 
0°C. The reaction was continued at 0°C for 15 minutes and thereafter at room temperature 
5 hours. The mixture was extracted with water and dried over MgS0 4 . The residue was 
purified by flash chromatography (Si0 2 , toluenezethyl acetate, product came at about 80% 
ethyl acetate) to give the title compound as a slightly yellow powder (69 mg, 67%). 
*H NMR (400 MHz, CDC1 3 ) 8 8.20-8.12 and 7.60-7.52 (m, 1H), 7.73-7.68 and 7.26-7.21 
(m, 1H), 7.44-7.24 (m 8H), 4.16-4.06 and 4.06-3.96 (m, 1H), 3.65-3.51 and 3.40-3.29 (m, 
2H), 2.96-2.88 and 2.88-2.50 (m, 4H), 1.77-1.67 and 1.35-1.20 (m, 4H), 1.48-1.38 and 
1.35-1.20 (m, 2H), 1.25-1.15 (m, 3H). 

13 C NMR (100 MHz, CDCI3) 8170.12, 165.84, 163.71, 162.52, 152.25, 151.35, 150.68, 
148.94, 148.24, 144.20, 142.12, 138.29, 136.36, 136.19, 136.01, 135.73, 135.63, 135.25, 
135.15, 131.25, 131.20, 129.12, 129.01, 67.40, 66.81, 56.94, 47.58, 47.15, 25.38, 25.15, 
23.29,23.06,21.04,20.78. 

HRMS Calcd for [C^NsOsCfe+HT: 528.157. Found: 528.156. 
Example 34 

T*rNbuM5.6-ttsf4-memvlph e^ 
carboxvlate 

Step A 5,6- Bis(4-methylphenyl)pyrazine-2,3-dicarbonitrile 

l,2-Bis(4-methylphenyl)ethane-U-dione (3.0 g, 12.59 mmol) and (2Z)-2,3-diaminobut-2- 
enedinitrile (1.5 g, 13.88 mmol) were refluxed 29 h in ethanoUwater (3:1, 40 ml) and acetic 
acid (1 ml). The mixture was cooled to room temperature and 30 ml water was added. The 
product was collected by filtration and washed with water, ethanol and diethylether. 
Finally the product was purified by recrystallisation from DCM/heptane (3.0 g, 76%) 
*H NMR (400 MHz, CDCI3) 8 7.45 (d, 4H), 7.16 (d, 4H), 2.39 (s, 6H). 
MSm/z309(M-H)\ 
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Step B 5,6-Bis(4-methylphenyl)pyrazine-2,3-dicarboxylic acid 
5,6- Bis(4-methylphenyI)pyrazine-2,3-dicarbonitrile (1 .5g, 4.83 mmol), potassium 
hydroxide (2.79 g, 49.78 mmol) and hydrogen peroxide (13 ml, 30%, aq) were suspended 
in water (100 ml) and heated to 35 °C were the temperature was maintained lh to allow 
foam formation to decraese. The temperature was thereafter slowly increased to 65 °C and 
the reaction thereafter continued at that temperture 40 h. The mixture was cooled to room 
temperature and the pH decreased to 3 by the addition of HC1 (aq). The product was 
collected by filtration and washed with water (450 ml) to give the title compound as a 
yellowish powder (1.4 g, 83%). 

*H NMR (400 MHz, CD3OD) 8 7.40 (d, 4H), 7.1 1 (d, 4H), 2.32 (s, 6H). 
MSm/z349(M+H)+. 

Step C 2,3-bis(4-methylphenyl)£uro[3,4-6]pyrazine-5,7-dione 

5,6-Bis(4-methylphenyl)pyrazine-2,3-dicaiboxylic acid (590mg, 1.69mmol) was refluxed 
15 h in acetylchloride (15 ml, 210.2 mmol). The solution was cooled to room temperature 
and the product dried by coevaporation with toluene at reduced pressure three times to give 
the title compound (559 mg, 99%). 

l B NMR (400 MHz, CDC1 3 ) 8 7.47 (d, 4H), 7.15 (d, 4H), 2.38 (s, 6H). 

Step D 3-(terf-butoxycarbonyl)-5,6-bis(4-metliylphenyl)pyrazine-2-carboxylic acid 
To a suspension of 2,3-bis(4-methylphenyl)furo[3,4-&]pyrazine-5,7-dione (160mg,0.484 
mmol) in DCM (3ml) were added a solution of Terf-butanol (54 mg, 0.727 mmol) in DCM 
(1 ml) and 4-dimethylaminopyridine (74 mg, 0.605 mmol). The reaction was continued at 
room temperature 2.5 hours. The solvent was evaporated and toluene and HCI (2M) were 
added. The phases were separated and the organic phase extracted with water and dried 
over MgS0 4 . The product contained about 30% 5,6-bis(4-methylphenyl)pyrazdne-2,3- 
dicarboxylic acid but used without further purification in Step E (104 mg, 53% estimated 
yield). 

*H NMR (400 MHz, CDC1 3 ) 8 10.40-9.90 (br, 1H), 7.45-7.30 (m, 4H), 7.15-7.07 (m, 4H), 
2.36 (s,6H), 1.70 (s,9H). 
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MSm/z405(M+H)*. 

StepE Tirt-butvl 5,6-bis(4-methvlphenviy3-r( p i peridin-l-vlamiiio)carbonvUpvrazine"2- 
caiboxvlate 

PyBOP (3 12 mg, 0.599 mmol), dissolved in DCM (1ml), was added to a mixture of 3- 
(te^butoxycarbonyl)-5^ acid (105 mg, 0.259 

mmol) and piperidin-l-aminium chloride (78 mg, 0.569 mmol) and TEA (1 ml), in DCM 
(4 ml) at 0°C The reaction was continued at 0°C for 15 minutes and thereafter at room 
temperature 4 hours. The mixture was extraced with water and dried over MgS0 4 . It was 
purified by flash chromatography (Si0 2 , tolueneiethyl acetate 9:1) to give the title 
compound as a yellowish powder (1 15 mg, 91%). 

X H NMR (400 MHz, CDd 3 ) 8 8.36 (s, 1H), 7.48-7.32 (m, 4H), 7.27-7.07 (m, 4H), 2.94- 
2.82 (m, 4H), 2.38 (s, 3H), 2.34 (s, 3H), 1.82-1.72 (m, 4H), 1.68 (s, 9H), 1.50-1.40 (m, 
2H). 

HRMS Calcd for [C^Hs^Oa+H]^ 487.271. Found: 487.271. 
Example 35 

5.6-Bisf4-methvlphenvlVAr-p i peridin-l-vI - 3 ^ltf-tetrazol-l-vlmethvl)pyrazine-2- 
carboxamide 

Step A 3-Ethoxycarbonyl)-5,6-bis(4-methylphenyl)pyrazine-2-c^AoxyIic acid 
A mixture of 2,3-bis(4-methylphenyl)furo[3,4-b] pyrazine-5/7-dione (399 mg, 1.21 mmol) 
and ethanol (10 ml, 173.8 mmol) in DCM (5 ml) was stirred at room temperature for 28 
hours. The product was dried by cooevaporation with toluene at reduced pressure. The 
product contained about 10% 5,6-bis(4-methyIphenyl)pyrazine-2,3-dicarboxylic acid but 
used without further purification in the next step (451 mg, 89%). 

*H NMR (400 MHz, CDC1 3 ) 8 10.80-10.50 (br, 1H), 7.45-7.30 (m, 4H), 7.15-7.00 (m, 4H), 
4.55 (q, 2H), 2.34 (s, 6H), 1.45 (t, 3H). 
MS m/z 377 (M+H) + . 

Step R Rth yl 3-(hvckoxvmethvlV5.6-bis(4-methvlphenv npvrazine-2-carbo 
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' 1) Trlethyiamlne 
[so butyl chloroformate 
THF 

2) Socflum borhydride 
Bhanol 



3-EthoxycartK>nyI)-5,6-bis(4-me^ acid (451 mg, 1.08 

mmol) was dissolved in THF and cooled to -78°C. TEA (210 pi, 1.51 mmol) and isobutyl 
chloroformate (182 pi, 1.40 mmol) were added dropwise and the reaction continued at - 
78°C for 80 minutes and thereafter at 0°C for 70 minutes. The mixture was thereafter added 
to a freshly prepared suspension of sodium borohydride (106 mg, 2.80 mmol) in ethanol 
(10 ml) which had been prepared at 0°C. The reaction was continued at 0°C for 1.5 hours 
and then quenched by addition of acetic acid (3 ml). It was allowed to warm to room 
temperature and DCM and water were added. The organic phase was washed with 
NaHC03 (10%, aq) and water and dried over MgS04. The solvent was removed at reduced 
pressure at room temperature. The residue was purified by flash chromatography (SiQ2, 
DCMiethyl acetate, product came at about 1% ethyl acetate) to give the title compound 
(151mg,38%). 

*H NMR (400 MHz, CDC1 3 ) 8 7.46-7.40 (m, 4H), 7.16-7.10 (m, 4H), 5.15 (d, 2H), 4.49 (q, 
2H), 2.36 (s, 3H), 2.35 (s, 3H), 1.46 (t, 3H). 
MS m/z 363 (M+H) + . 

Step C Ethyl 5 .6-bis(4-methvlphenvl V 3-( 1/f-tetrazol- 1 - vlmethvDp vrazine-2-carboxvlate 




N — N 



To a mixture of Ethyl 3-(hydroxymethyl)-5,6-bis(4-m^ 

(85 mg, 0.234 mmol), lff-tetrazole (26 mg, 0.371 mmol) and triphenylphosphine (74 mg, 
0.283 mmol) in dry THF (3 ml) at 0°C under N 2 (g) was added diethyl azodicarboxylate 
(49 pi, 0.260 mmol) dropwise and stirring was continued at 0°C under N 2 (g) for 3 hours 
and thereafter at room temperature under N 2 (g) for 2 hours. The solvent was evaporated 
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and the product purified by preparatory HPLC (kromasil C8 column, ammonium acetate 
(aq, 0.1M):acetonitrile, product came at about 100% acetonitrile) to give the title 
compound (20 mg, 2Q%). 

J H NMR (400 MHz, CDC1 3 ) 8 8.91 (s, 1H), 7.41 (d, 2H), 7.23 (d, 2H), 7.12 (d, 2H), 7.06 
(d, 2H), 6.26 (s, 2H), 4.52 (q, 2H), 2.35 (s, 3H), 2.33 (s, 3H), 1.47 (t, 3H). 
MSm/z415(M+H) + . 

Step D 5 fi/Bistt-memvlphenvIVAlnire T^ 
carboxamide 

Trimemylaluminium solution (2 ml, 2M in toluene) was added to a solution of piperidin-1- 
aminium chloride (272 mg, 2.72 mmol) in DCM (2ml). It was stirred for lh at room 
temperature under N 2 (g). 290ul of the solution was added to ethyl 5,6-bis(4- 
memylphenyl)-3-(W-tetrazol-l-ylmethyl)pyrazine-2-carboxylate (20 mg, 0.048 mmol) 
and stirring was continued at room temperature under N 2 (g) for 5 hours. The mixture was 
cooled to 0°C, diluted with DCM (2ml) and quenched with HC1 (cone). The mixture was 
thereafter neutralised with NaOH (aqj. The phases were separated and the aqueousphase 
extracted with DCM. The combined organic phase was washed with water and dried over 
MgS0 4 . Finally the product was purified by flash chromatography (Si0 2 , toluene:ethyl 
acetate, product came at about 40% ethyl acetate) to give the title compound as a yellowish 
powder (1 1 mg, 50%). 

l U NMR (400 MHz, CDC1 3 ) 5 9.01 (s, 1H), 8.66 (s, 1H), 7.35 (d, 2H), 7.23 (d, 2H), 7.17 
(d, 2H), 7.07 (d, 2H), 6.41 (s, 2H), 2.92-2.84 (m, 4H), 2.39 (s, 3H), 2.33 (s, 3H), 1.85-1.75 
(m, 4H), 1.55-1.45 (m,2H). 

HRMS Calcdfor [CzeHigNgO+HT: 469.246. Found: 469.247. 
Example 36 

5-6-Bis(4-methvlnhenviyAr-p i ^ 
carboxamide 

Step A Fth yl 5.6-btsf4-metbv1phenvlV3-(2g-tetrazol-2-v lmemvnpvrazine-2-<^boxvlate 
The titled compound (28 mg, 28%) was formed as a isomer in Step C Example 35 and was 
isolated by preparatory HPLC (kromasil C8 column, ammonium acetate (aq, 
0.1M):acetonitrile, product came at about 100% acetonitrile) 
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*H NMR (400 MHz, CDQ 3 ) 5 8.58 (s, 1H), 7,41 (d, 2H), 7.19 (d, 2H), 7.12 (d, 2H), 7.02 
(d, 2H), 6.50 (s, 2H), 4.50 (q, 2H), 2.35 (s, 3H), 2.30 (s, 3H), 1.46 (t, 3H). 
MSm/z415(M+H) + . 

Step B 5.6-Bis(4-methvlphenvlV^piperi 
carboxamide 



It was prepared as described in Example 35 step D. Purification was performed by 
preparatory HPLC (kromasil C8 column, ammonium acetate (aq, 0.1M):acetonitrile, 
product came at about 100% acetonitrile) to give the title compound as a white powder (13 
mg, 42%). 

*H NMR (400 MHz, CDC1 3 ) 58.85-8.65 (br, 1H), 8.59 (s, 1H), 7.35 (d, 2H), 7.16 (d, 2H), 
7.08 (d, 2H), 6.99 (d, 2H), 6.68 (s, 2H), 2.96-2.88 (m, 4H) 2.38 (s, 3H), 2.29 (s, 3H), 1.83- 
1.74 (m, 4H), 1.52-1.43 (m, 2H). 

HRMS Calcd for [C^HzgNgO+Hf: 469.246. Found: 469.246. 
Example 37 

S.e-Bisf^hlorophenvn-A r-piperidin-l-vl -3 -(2g-tetrazol-2-vlmethvnpvrazine-2- 
carboxamide 

Step A Ethyl 5,6-bis(4-cMorophenvlV3-f2ff-tetr^ 

and ethyl 5,6-bisf4-chlorophenvD-3-f lg-tetrazol-l-vlmethvDpvrazine-2-carboxvlate 
To a solution of ethyl 5,6-bis(4-cUorophenyI)-3-(hydroxymethyl)pyrazine-2-carboxylate 
(0.32 g, 0.80 mmol) in tetrahydrofuran (10 ml) were added lH-tetrazol (84 mg, 1.20 
mmol) and triphenylphosphine (0.25 g, 0.96 mmol). Upon cooling to 0°C, diethyl 
azodicarboxylate (0.16 ml, 0.84 mmol) was added dropwise. The reaction mixture was 




1-Aminopiperidlne 
Trim ethyl aluminium 



Totuene/DCM 
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stirred at 0°C for lh. The solvent was removed under reduced pressure and separation by 
prepHPLC gave two isomerstethyl 5,6-bis(4-chlorophenyl)-3-(2ff-tetrazol-2- 
ylmethyl)pyrazine-2-carboxylate (180 mg, 50%) as a white solid. 

*H NMR (400 MHz, CDC13) 8 8.60 (s, 1H), 7.46 (d, 2H), 7.33 (d, 2H), 7.22 (d, 4H), 6.52 
(s,2H),4.53 (q,2H),1.47(t,3H). 
MS mJz 455 (M+H) + . 

and ethyl 5,6-bis(4^Worophenyl)-3^1iT-tetrazol-l-ylmethyl)pyrazine-2-carboxylate (88 
mg, 24%) as a white solid. 

X H NMR (400 MHz, CDC13) 8 8.89 (s, 1H), 7.46 (d,,2H), 7.34 (d, 2H), 7.27 (d, 4H), 6.29 
(s,2H), 4.55 (q,2H), 1.49 (t,3H). 
MS m/z 455 (M+H) + . 

Ste p B Sfi-hi s r4-cMoroph B nv1V^-piperi din - 1 -vl- 3-(2H-te trazol-2-ylmeW 
carboxamide 

Piperidine-l-amine hydrochloride (0.54 g, 3.98 mmol) was dissolved in dichloromethane 
(4.0 ml) under Ar and trimemylaluminium (2.0 ml, 2.0 M in toluene, 4 mmol) was 
carefully added during 5 min. The solution was stirred at ambient temperature for 1.5 h. 
2.4 ml (1.2 mmol) of this solution was added to ethyl 5,6-bis(4-chlorophenyl)-3-(2fl- 
tetrazol-2-ylmethyl)pyrazine-2-carboxylate (180 mg, 0.40 mmol) and the reaction mixture 
was stirred at 45°C overnight. It was cooled to 0°C and quenched with HC1 (aq, 2 M, 2.5 
mL). The mixture was diluted with dichloromethane and neutralized with addition of KOH 
(aq, 2 M). The organic phase was separated and the aqueous phase was extracted further 
with dichloromethane. The collected organic phases were washed with H 2 0 before drying 
with Na 2 S04. The solvent was removed under reduced pressure and purification by 
preparative HPLC gave the title compound (152 mg, 76%) as a pale yellow solid. 
l K NMR (400 MHz, CDC13) 8 8.60 (s, 1H), 8.59 (s, 1H), 7.36 (d, 4H), 7.19 (d, 2H), 7.09 
(d, 2H), 6.68 (s, 2H), 2.93-2.89 (m, 4H), 1.82-1.76 (m, 4H), 1.50-1.45 (m, 2H). 
MSm/z509(M+H) + . 
Example 38 

S6-hi S f4-chloro r henvn^^^^ 
carboxamide 
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Piperidine-1 -amine hydrochloride (0.54 g, 3.98 mmol) was dissolved in dichloromethane 
(4.0 ml) under Ar and trimethylaluminium (4.0 ml, 2.0 M in toluene, 8 mmol) was 
carefully added during 5 min. The solution was stirred at ambient temperature for 1.5 h. 
0.52 ml (0.26 mmol) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3- 
(lif-tetrazol-l-ylmethyl)pyra2dne-2-carboxylate, from Ex. 37, Step A (35 mg, 0.08 mmol) 
and the reaction solution was stirred at 45°C overnight The reaction solution was cooled to 
0°C and quenched with HC1 (aq, 2 M, 0.5 mL). The mixture was diluted with 
dichloromethane and neutralized with addition of KOH (aq, 2 M). The organic phase was 
separated and the aqueous phase was extracted further with dichloromethane. The collected 
organic phases were washed with H 2 0 before drying with Na 2 S0 4 . The solvent was 
removed under reduced pressure and purification by preparative HPLC gave the title 
compound (12 mg, 27%) as a white solid. 

l H NMR (400 MHz, CDC13) 8 8.99 (s, 1H), 8.58 (s, 1H), 7.37 (d, 4H), 7.25 (s, 4H), 6.41 
(s, 2H), 2.92-2.86 (m, 4H), 1.83-1.77 (m, 4H), 1.52-1.46 (m, 2H). 
MS m/z 509 (M+H) + . 
Example 39 

5.6-bis(4-chlorophenvlViy-(4.4-difluora 
2-carboxamide 

(4,4-difluorocyclohexyl)amine (0.54 g, 4 mmol) was dissolved in dichloromethane (4.0 ml) 
under Ar and trimethylaluminium (2.0 ml, 2.0 M in toluene, 6 mmol) was carefully added. 
The solution was stirred at ambient temperature for 1.5 h. 1.32 ml (0.65 mmol) of this 
stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3-(2H-tetrazol-2- 
ylmethyl)pyrazine-2-carboxylaie (100 mg, 0.22 mmol) and the reaction mixture was stirred 
at 45°C overnight The reaction mixture was cooled to 0°C and quenched with 2M HC1 . 
The mixture was diluted with dichloromethane and neutralised by addition of 2M KOH. 
The organic phase was separated and the aqueous phase was extracted further with 
dichloromethane. The combined organic phases were washed with H 2 0 before drying with 
Na2S0 4 . The solvent was removed under reduced pressure and purification by preparative 
HPLC gave the title compound (106 mg, 89%) as a solid. 
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X H NMR (400 MHz, CDC13) 5 8.61 (s, 1H), 7.86 (d, 1H), 7.37 (s, 4H), 7.22 (d, 2H), 7.14 
(d, 2H), 6.70 (s, 2H), 4.19-4.06 (m, 1H), 2.24-1.66 (m, 8H). 
MS/n/z544(M+H) + . 
Example 40 

5 ^his (4-chlorophenvlVjV^(4,4-difluQ ropi perid 
ylmethvl)pvrazine-2-carboxamide 

stop A ^ fi-his^cMorophenvIV^^^ ac^ 
To a solution of ethyl 5,6-bis(4-cUorophenyl)-3- 

carboxylate (200 mg, 0.44 mmol) in acetonitrile were added a solution of lithium 
hydroxide (42 mg, 1.76 mmol) in water (3.0 ml) and tetrahydrofuran (3 ml). The reaction 
solution was stirred in room temperature overnight. The solvent was removed under 
reduced pressure andwater was added to the residue. The aqueous phase was acidified by 
adding 1M HC1 and extracted with dichloromethane and the collected organic phases were 
evaporated to give the title compound (187 mg, 100%) as a white solid. 
MS m/z 427 (M+H) + . 

Step B 5.6-bis(4-chlorophenvlWV-(4.4^ 

vlmethvl)pvrazine-2-carboxamide 

To a solution of 5,6-bis(4-cMorophenyl)-3-(2H-t^ 

acid (79 mg, 0.19 mmol) and 4,4-difluoropiperidin-l -amine (38 mg, 0.28 mmol) in 
pyridine (2.0 ml) was benzotriazol-l-yl-oxytri-pyrrolidinophosphonium 
hexafluorophosphate (192 mg, 0.37 mmol) carefully added. The reaction mixture was 
stirred in room temperature overnight. The mixture was diluted with dichloromethane and 
the organic phase was washed with 2M HC1 (aq) and NaHC0 3 (aq). The solvent was 
removed under reduced pressure and purification by preparatory HPLC gave the title 
compound (27 mg, 27%) as a solid. 

l B NMR (400 MHz, CDC13) 5 8.72 (s, 1H), 8.59 (s, 1H), 7.36 (s, 4H), 7.20 (d, 2H), 7.11 

(d, 2H), 6.67 (s, 2H), 3.14-3.10 (m, 4H), 2.28-2.18 (m, 4H). 

MSm/z545(M+H) + . 
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Example 41 

5.6-bis(4-cMorophenviy3-r(2-m 
carboxamide 

Step A 5.6-bis( 4-chlorophenvlV3-r(2-methoxvethoxv)me&^ acid 
Ethyl 5,6-bis(4K:hlorophenyl)-3-(hydroxymethyl)pyrazine-2-carboxyl^ (0.119 g, 0.294 
mmol) was dissolved in dichloromethane (1.4 mL). l-Bromo-2-methoxyethane (1.075 g, 
7.35 mmol) and tetrabutylammonium hydrogensulphate (10 mg, 0.029 mmol) and then 
NaOH (aq., 50 % w/w, 1.4 mL) were added The mixture quickly adopted an orangy 
colour, which then gradually faded with time. Vigorous stirring overnight. The following 
morning the reaction mixture was cooled to 0 °C before HC1 (aq., 4 M, 30 mL) was slowly 
added (dropwise). The resulting mixture was transferred to a separation funnel with the aid 
of dichloromethane (30 mL). The organic phase was separated and the aqueous phase was 
extracted further with dichloromethane (4 x 15 mL). The collected organic phases were 
dried with MgSCU. Upon evaporation of the solvents the obtained residue was purified by 
column chromatography (silica gel, EtOAc-heptane, 0-70 %; upon reaching 70 % EtOAc 
formic acid was added to the eiuent, 1 % v/v) to yield 5,6-bis(4-chlorophenyl)-3-[(2- 
methoxyethoxy)methyl]pyrazine-2-carboxylic acid (64 mg, 0.15 mmol, 48 %) of as a 
yellow, viscous oil. This material was used as such in the next step. 
l E NMR (500 MHz, CDC1 3 ) 5 7.51 (d, 2H, J=8.5 Hz), 7.44-7.28 (m, 6H), 5.27 (s, 2H), 
3.92-3.88 (m, 2H), 3.67-3.63 (m, 2H), 3.40 (s, 3H). 

Step B Methyl 5,6-bisf4-chlorophenvlV3- r(2-methoxvethoxv)methvl1pvrazine-2- 
carboxvlate 

To a solution of 5,6-bis(4-chlorophenyl)-3-[(2-methoxyetho^ 

carboxylic acid (61 mg,.0.14 mmol) in dichloromethane (1.6 mL) was added MeOH (0.4 
mL). Trimethylsilyl diazomethane (0.088 mL, 2.0 M in hexanes, 0.18 mmol) was added 
dropwise at such a rate as to keep the evolution of nitrogen under control. Stirring at 
ambient temperature overnight. Next morning silica gel (ca 0.5 g) was added and the 
solvents were evaporated. The obtained solid residue was put on top of a pre-packed 
column (silica gel, heptane) and the product was eluted with an EtO Ac-heptane gradient 
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(0-70 *). The methyl 5,6-bis(4-chlorophenyI)-3- [(2-methoxyethoxy)methyl]pyraziiie-2- 
carboxylale (52 mg, 0.12 mmol, 83 %) was obtained as a colourless, viscous oil. 
l B NMR (500 MHz, CDC1 3 ) 5 7.48 (d, 2H, J=8.5 Hz), 7.44 (d, 2H, J=8.5 Hz), 7.34-7.31 
(m, 4H), 5.08 (s, 2H), 4.04 (s, 3H), 3.81-3.78 (m, 2H), 3.63-3.60 (m, 2H)> 3.41 (s, 3H). 

carboxamide 

The hydrochloride of piperidin-1 amine (0.683 g, 5.00 mmol) was suspended in dry 
toluene (5.0 mL) under Ar. Upon cooling to 0 °C trimemylaluminium (2.5 mL, 2 M in 
toluene, 5.0 mmol) was added dropwise. After the addition of Me 3 Al was complete the ice 
bath was removed and the mixture was allowed to stir for 3 h at ambient temperature; 
consequently, a ca 0.67 M solution of aluminium amide was obtained. A part of this 
solution (3.5 mL, 2.3 mmol, corresponding to ca 6.8 eq.) was added to methyl 5,6-bis(4- 
chlorophenyl)-3- [(2-methoxyethoxy)methyl]pyrazine-2-carboxylate (0.154 g, 0.344 
mmol), which had been placed in a dry flask under Ar. Heating at 50 °C overnight. Next 
morning the reaction mixture was cooled to 0 °C and toluene (4 mL) was added before HC1 
(aq., 2 M, 4 mL) was slowly added (dropwise). After stirring for a couple of hours the 
obtained mixture was transferred to a separation funnel with the aid of dichloromethane 
(60 mL) and water (60 mL). The organic phase was separated and the aqueous phase was 
extracted further with dichloromethane (3 x 20 mL). The collected organic phases were 
washed with water (25 mL) and brine (60 mL) before drying with MgS0 4 . Upon 
evaporation of the solvents the the obtained residue was purified by column 
chromatography (silica gel, EtOAc-heptane, 0-70 %) to yield 5,6-bis(4-cblorophenyl)-3- 
[(2-memoxyemoxy)memyll-^-piperidin-l-ylpyrazine-2-carboxa^ (0.150 g, 0.291 

mmol, 84 %) as a viscous, yellowish oil. 

*H NMR (500 MHz, CDC1 3 ) 5 8.45 (br s, 1H, N-fl), 7.49 (d, 2H, J=8.5 Hz), 7.41 (d, 2H, 
J=8.5 Hz), 7.36 (d, 2H, J=8.5 Hz), 7.31 (d, 2H, J=8.5 Hz), 5.30 (s, 2H), 3.90-3.87 (m, 2H), 
3.67-3.64 (m, 2H), 3.41 (s, 3H), 3.00-2.80 (m, 4H), 1.88-1.74 (m, 4H), 1.56-1.42 (m, 2H). 
HRMS Calcd for [C^azN^+Hf: 515.1617. Found: 515.1570. 



Example 42 
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5.6-bis(4^MOTophenvn-3^^^ 
ylpvrazine-2-carboxamide 

Step A Ethvl 5.6-bisf4-cMorophenviy3-rf5-cycIopro^^ 

2-carboxvlate and ethyl S^-bisf^chlorophenvIVS-rfS-cvclopropyl-lg-tetrazoM- 
ynmetfivllpvrazine-2-carboxylate 

To a solution of ethyl 5,6-bis(4-cMorophenyl)-3-(hydroxyme^ 
(0.23 g, 0.57 mmol) in tetrahydrofuran (5 ml) were added 5-cyclopropyl-2H-tetrazole (94 
mg, 0.86 mmol) and triphenylphosphine (0.18 g, 0.68 mmol). Upon cooling to 0°C, diethyl 
azodicarboxylate (104jil, 0.60 mmol) was added drop wise. The reaction solution was 
stirred at 0°C for 2h. The solvent was removed under reduced pressure and separation by 
preparatory HPLC gave ethyl 5,6-bis(4-chlorophenyl)-3-[(5-cyclopropyl-2H-tetrazol-2- 
yl)methyl]pyrazine-2-carboxylate (165 mg, 58%), a solid. 

l H NMR (400 MHz, CDC13) 5 7.47 (d, 2H), 7.33 (d, 2H), 7.25 (d, 4H), 6.38 (s, 2H), 4.52 

(q, 2H), 2.26-2.19 (m, 1H), 1.47 (t, 3H), 1.12-1.07 (m, 4H). 

MSm£495(M+H) + . 

and ethyl 5,6-bis(4-cUorophenyl)-3-[(5-cyclop^ 
carboxylate (72 mg, 26%) as a solid. 

l H NMR (400 MHz, CDC13) 8 7.47 (d, 2H), 7.34 (d, 2H), 7.23 (d, 4H), 6.25 (s, 2H), 4.56 
(q, 2H), 1.92-1.85 (m, 1H), 1.50 (t, 3H), 1.23-1.19 (m, 2H), 1.10-1.05 (m, 2H). 
MS/n£495(M+H) + . 

Step B 5.6-bis(4-cMorophenvlV3-r(5^ycIop^ 
vlpvi^ine-2-carboxamide 

Piperidine-l-amine hydrochloride (0.82 g, 5.99 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimethylaluminium (3.0 ml, 2.0 M in toluene, 6 mmol) was 
carefully added. The solution was stirred at ambient temperature for 1.5 L 2.0 ml (1.0 
mmol) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3-[(5-cyclopropyl- 
2H-tetrazol-2-yl)methyI]pyrazine-2-carboxylate (165 mg, 0.33 mmol) and the reaction 
mixture was stirred at 45°C overnight It was cooled to 0°C and quenched with 2M HQ . 
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The mixture was diluted with dichloromethane and neutralized with addition of 2M KOH. 
The organic phase was separated and the aqueous phase was extracted further with 
dichloromethane. The collected organic phases were washed with H 2 0 before drying with 
Na 2 S0 4 . The solvent was removed under reduced pressure and purification by preparatory 
HPLC gave the tide compound (163 mg, 89%) as a white solid. 

J H NMR (400 MHz, CDC13) 8 8.57 (s, 1H), 7.37 (d, 4H), 7.20 (d, 2H), 7.13 (d, 2H), 6.55 
(s, 2H);2.93-2.89 (m, 4H), 2.27-2.20 (m, 1H), 1.82-1.76 (m, 4H), 1.52-1.45 (m, 2H), 1.11- 
1.08 (m,4H). 
MSm/z549(M+H) + . 
Example 43 

^hisf4-cMomphenv1V3-r(5-cvc^ 
ylpYrazin e-2-carboxamide 

Piperidine-l-amine hydrochloride (0.82 g, 5.99 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimethylaluminium (3.0 ml, 2.0 M in toluene, 6 mmol) was 
carefully added. The solution was stirred at ambient temperature for 1.5 h. 0.9 ml (0.45 
mmol) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3-[(5-cyclopropyl- 
l/f-tetrazol-l-yl)methyl]pyrazine-2-carboxylate, from Ex. 42, Step A (72 mg, 0.15 mmol) 
and the reaction mixture was stirred at 45°C overnight It was cooled to 0°C and quenched 
with 2M HC1 . The mixture was diluted with dichloromethane and neutralized by addition 
of 2M KOH. The organic phase was separated and the aqueous phase was extracted further 
with dichloromethane. The collected organic phases were washed with H 2 0 before drying 
with NazS0 4 . The solvent was removed under reduced pressure and purification by 
preparatory HPLC gave the title compound (66 mg, 83%) as a pale yellow solid. 
J H NMR (400 MHz, CDC13) 5 8.58 (s, 1H), 7.38 (d, 4H), 7.23 (d, 2H), 7.15 (d, 2H), 6.41 
(s, 2H), 2.93-2.90 (m, 4H), 1.92-1.78 (m, 5H), 1.52-1.46 (m, 2H), 1.20-1.15 (m, 2H), 1.06- 

1.01 (m,2H). 
MS/n/z549(M+H) + . 
Example 44 

5.frbisf4-chlo m phen^ 
2-carboxamide 
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Step A Ethvl 5.6-bis(4<MorophCTviy3-ff5^ 

caiboxvlate a n d ethyl 5.6-bisf4^hlorophenvl>3-r(5-methvl- l#-tetrazol-l- 
vDmethvl1pvrazine-2^arboxvlale 

To a solution of ethyl 5,6-bis(4-cMorophenyl)-3-(hydro^ 

(0.23 g, 0.57 mmol) in tetrahydrofuran (5 ml) were added 5-methyl-li7-tetrazole (71 mg, 
0.85 mmol) and triphenylphosphine (178 mg, 0.68 mmol). Upon cooling to 0°C, diethyl 
azodicarboxylate (104|il, 0.60 mmol) was added dropwise. The reaction solution was 
stirred at 0°C for 2h. The solvent was removed under reduced pressure and separation by 
preparatory HPLC gave ethyl 5,6-bis(4-chlorophenyl)--3-[(5-methyl--2H--tetrazol-2- 
yl)methyl]pyrazine-2-carboxylate (117 mg, 44%), as a solid. 

*H NMR (400 MHz, CDcl3) 8 7.47 (d, 2H), 733 (d, 2H), 7.25 (s, 4H), 6.41 (s, 2H), 4.52 
(q, 2H), 2.57 (s, 3H), 1 .47 (t, 3H). 
MS m/z 469 (M+H) + . 

and ethyl 5,6-bis(4^Morophenyl)-3-[(5-methyl-^ 
caiboxylate (79 mg, 30%) as a solid. 

l H NMR (400 MHz, CDC13) 5 7.45 (d, 2H), 733 (d, 2H), 7.25 (d, 2H), 7.18 (d, 2H), 6.15 

(s, 2H), 4.55 (q, 2H), 2.59 (s, 3H), 1.49 (t, 3H). 

MSm/z469(M+H) + . 

Step B 5.6-bis(4-cMorophenYlV3-r(5-methyl-^ 
ylpyrazdne-2-carboxamide 

Piperidine-l-amine hydrochloride (0.82 g, 5.99 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimethylaluminium (3.0 ml, 2.0 M in toluene, 6 mmol) was 
carefully added. The solution was stirred at ambient temperature for 1.5 h. 1.5 ml (0.75 
mmol) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3-[(5-methyl-2H- 
tedrazol-2-yl)methyl]pyrazine-2-carboxylate (117 mg, 0.25 mmol) and the reaction mixture 
was stirred at 45°C overnight It was cooled to 0°C and quenched with 2M HC1 . The 
mixture was diluted with dichloromethane and neutralized by addition of 2M KOH. The 
organic phase was separated and the aqueous phase was extracted further with 
dichloromethane. The collected organic phases were washed with H2O before drying with 
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Na 2 S0 4 . The solvent was removed under reduced pressure and purification by preparatory 
HPLC gave the tide compound (1 14 mg, 87%) as a white solid. 

*H NMR (400 MHz, CDC13) 8 8.57 (s, 1H), 7.36 (d, 4H), 7.20 (d, 2H), 7.14 (d, 2H), 6.59 
(s, 2H), 2.92-2.89 (m, 4H), 2.57 (s, 3H), 1.82-1.76 (nMH), 1.51-1.46 (m, 2H). 
MS m/z 523 (M+H) + . 
Example 45 

^W^.hlnTo phenviV3-r^^^ 
2-carboxamide 

Piperidine-l-amine hydrochloride (0.82 g, 5.99 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimemylaluminium (3.0 ml, 2.0 M in toluene, 6 mmol) was 
carefully added. The solution was stirred at ambient temperature for 1.5. 1.0 ml (0.50 
mmol) of this stock solution was added to ethyl 5,6-bis(4-chlorophenyl)-3-[(5-methyl-lff- 
tetrazol-l-yl)methyl]pyrazine-2-carboxylate, from Ex. 44, Step A (78 mg, 0.17 mmol) and 
the reaction rnixture was stirred at 45°C overnight. It was cooled to 0°C and quenched with 
2M HC1. The mixture was diluted with dichloromethane and neutralized by addition of 2M 
KOH. The organic phase was separated and the aqueous phase was extracted further with 
dichloromethane. The collected organic phases were washed with H 2 0 before drying with 
Na 2 S0 4 . The solvent was removed under reduced pressure and purification by preparatory 
HPLC gave the title compound (75 mg, 86%) as a pale yellow solid. 
*H NMR (400 MHz, CDC13) 6 8.58 (s, 1H), 7.37 (d, 4H), 7.23 (d, 2H), 7.12 (d, 2H), 6.29 
(s, 2H), 2.93-2.89 (m, 4H), 2.56 (s, 3H), 1.83-1.77 (m, 4H), 1.52-1.45 (m, 2H). 
MSm6523(M+H) + . 
Example 46 

tert-butvl6-f4-chlorophenv1V5-f4-mem v1phenvlV3-r(piperidin-l-ylamino> 
r.arhon ynpvrazine-2-carboxvlate 

Step A 5-r4-ch]orophenv1V6-r4-methvlp ^^ Y npY ra7 ^ p -^ -3-dicarbonitrile 
l-(4-cUorophenyl)-2-(4-memylphenyl)ethane-l,2-dione (4 g, 15.5 mmol), damino- 
maleonitrile (1.84 g, 17.0 mmol) and acetic acid (1.5 ml) in ethanol (30 ml) and water (20 
ml) were heated at 75 °C overnight. The reaction mixture was cooled, and water was 
added. The precipitate was filtered and washed with ethanol. The crude product was 
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dissolved in methylene chloride and treated with activated charcoal, then filtered through 
celite. The solid was recrystallized from methylene chloride/heptane to give the subtitle 
compound (4.5 g, 88%) as pale yellow crystals. 

l H NMR (400 MHz, CDC13) 8 7.51 (d, 2H), 7.43 (d, 2H), 7.33 (d, 2H), 7.19 (d, 2H), 2.40 
(s,3H). 

Step B 5-(4-chlorophenvlV6-f4-met±w^ acid 
5<4K:hIorophenyl)^(4-metliyIphenyI)pyrazine-23-dicarbonitrile (4.50 g, 12.2 mmol) and 
KOH (6.84 g, 0.12 mol) in water (25 ml) was added hydrogen peroxide (35%, 5.0 ml) 
followed by a few drops of nonanol to reduce foaming. The reaction mixture was heated at 
reflux for 2h, cooled and washed once with ether and acidified to pH 4. with 2M HQ. The 
precipitate was filtered, washed with water and dried under reduced pressure to give the 
crude product. The crude product was purifed by esterification by refluxing with hydrogen 
chloride/methanol (36 ml) followed by preparatory HPLC, giving 2.73 g of the methyl 
ester. The resulting methyl ester treated with lithium hydroxide (6.60 g, 27.5 mmol) in 
acetonitrile (30 ml) and water (20 ml) at ambient temperature for 2 h. The acetonitrile was 
removed under reduced pressure and the aqueous solution was washed with diethyl ether. 
Acidification with hydrochloric acid (2M) gave the subtitle compound ( 2.52 g, 56 %) as a 
solid which was isolated by filtration. 
MS m/z 369 (M+H) + . 

Step C 2"f4-cMorophenvlV3-f4-methvlphenvl)furor3,4^1pvrazine-5 ,7-dtone 
5-(4-chlorophenyl)-6-(4-methylphenyl)pyrazine-2,3-dicarboxylic acid (1.50 g, 4.07 mmol) 
and acetyl chloride (5.0 ml) were heated at reflux overnight. The acetyl chloride was 
removed under reduced pressure to give the subtitle compound (1.73 g, 100%) as a solid. 
*H NMR (400 MHz, CDC13) 5 7.54 (d, 2H), 7.46 (d, 2H), 7.43 (d, 2H), 7.26 (d, 2H), 2.40 
(s,3H). 

Step D 3-(te^butoxvcarbonviy5-(4-cMoro^ 

carboxvlic acid and 3'fteyt-butoxvcarbonvl)-6-f4-chlorophenvlV5-(4-methvlphenvl)- 
pyrazine-2-carboxvlic acid 

2-(4-cMorophenyl)-3-(4-methylpheny (150 mg, 0.43 mmol) 

was mixed with terf-butanol (51 mg, 0.68 mmol) and DMAP (522 mg, 4.28 mmol) in 
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dichloromethane (2.0 ml). After 2h the solvent was removed under reduced pressure and 
the residue was dissolved in toluene. The organic phase was separated and washed with 
H 2 0 before drying with MgS0 4 . The solvent was removed under reduced pressure and 
separation by preparatory HPLC gave 3-(tert-butoxycarbonyl>5-(4-chlorophenyl)-6-(4- 
memylphenyl)pyrazine-2-carboxylic acid (50 mg, 28%), a white solid. 
*H NMR (400 MHz, CDC13) 8 8.49 (s, OH), 7.43 (d, 2H), 7.35 (d, 2H), 7.22 (d, 2H), 7.06 
(d, 2H)," 2.31 (s, 3H), 1.60 (s, 9H). 
. MSm/z425(M+H) + 
and 3-(te^butoxycarbonyI)-6K4-cWoroph^ 
acid (41 mg, 23%) as a white solid 

l B. NMR (400 MHz,CDC13) 8 8.45 (s, OH), 7.47 (d, 2H), 7.38 (d, 2H), 7.24 (d, 2H), 7.11 

(d, 2H), 2.34 (s, 3H), 1 .63 (s, 9H). 

MSm/z425(M+H) + 

Step E te^-bntvl6-f4^h1orophenvlV 5-r4-memvlphenvIV34(piperidin4-ylannno)- 
caibonvnpvrazine-2-carboxvlate 

To a solution of 3Ktert-butoxycarbonyl)-5<4^UorophenyI)-6K4-memylphenyl)pyrazine- 
2-carboxyUc acid (50 mg, 0.12 mmol) and aminopiperidine (19 mg, 0.19 mmol) in 
dichloromethane (2.0 ml) was triethylamine (262 pi, 1.9 mmol) added. The resulting 
solution was cooled to 0°C and benzotriazol-^yl^xytri-pyrrohdinophosphonium 
hexafluorophosphate (98 mg, 0.19 mmol), dissolved in dichloromethane, was carefully 
added. The reaction was continued at 0°C for 30 minutes, then in room temperature 
overnight The mixture was diluted with dichloromethane and the organic phase washed 
with H 2 0 before drying with MgS0 4 . The solvent was removed under reduced pressure 
and preparatory HPLC gave the tide compound (26 mg, 44%) as a white solid. 
X H NMR (400 MHz, CDC13) 8 8.34 (s, NH), 7.45 (d, 2H), 7.33 (d, 2H), 7.28 (d, 2H), 7.18 
(d, 2H), 2.90-2.86 (m, 4H), 2.40 (s, 3H), 1.80-1.74 (m, 4H), 1.68 (s, 9H), 1.49-1.42 (m, 
2H). 

MSm/z425(M+H) + 
Example 47 
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tert-butvl 5-( 4-chloropheavl)-6~f 4"methvIphenvlV3~rf piperidin- 1 - vlaminotearbonvH- 
pyrazine-2-carboxvlate 

To a solution of 3-(te/t-butoxycarbonyl)-6-(4-c^ 

2-carboxylic acid from Ex. 46, Step D (39 mg, 0.09 mmol) and aminopiperidine (15 mg, 
0.15 mmol) in dichloromethane (2.0 ml) was triethylamine (205 jil, 1.5 mmol) added. The 
resulting solution was cooled to 0°C and benzotriazol-l-yl-oxytri-pyrrolidinophosphonium 
hexaflubrophosphate (76 mg, 0.15 mmol), dissolved in dichloromethane, was carefully 
added. The reaction was continued at 0°C for 30 minutes, then in room temperature 
overnight The mixture was diluted with dichloromethane and the organic phase washed 
with H2O before drying with MgSC>4. The solvent was removed under reduced pressure 
and preparatory HPLC gave the title compound (28 mg, 60%) as a white solid. 
l U NMR (400 MHz, CDC13) 8 8.29 (s, NH), 7.41-7.32 (m, 6H), 7.13 (d, 2H), 2.92-2.87 
(m, 4H), 2.36 (s, 3H), 1.80-1.75 (m, 4H), 1.68 (s, 9H), 1.51-1.43 (m, 2H). 
MS /ti/z 425 (M+H) + . 

Example 48 6-(4-cMorophenvlV5-(4-methvlpte 
vlmethvlVpvrazme-2-carboxamide 

Step A 5-f4-chlorophenvl)-3^ethoxvcarbonvl)-6-(4-methvlphe n Yl)p Yr^i^ e-2-carboxvlic 
acid and 6-(4-cMomphenvlV3-fethoxycarbonvl)-5-( > 4-me1hvlphenvl)pvrazine-2-carboxv 
acid 

2-(4-chlorophenyl)-3-(4-methylpheny (1.40 g, 4.0 mmol) 

was suspended in EtOH (45 ml). The suspended material gradually went into solution. 
After stirring overnight the solvent was removed under reduced pressure to give a mixture 
of the titled compounds (1.42, 90%). 
MSm£397(M+H) + 

Step B Ethyl 6-f4-cMorophenvlV3-(hvdroxmethvl)-5-(4-methvlphepvDpwa7inp^ 

carboxvlate and ethyl 5-(4-cMorophenvl>3-niydroxvm 

2-carboxvIate 

The mixture of 5-(4-chlorophenyl)-3-(ethoxycarbonyl)-6-(4-methylphenyl)pyrazine-2- 
carboxylic acid and 6-(4-chlorophenyI)-3-(ethoxycarbonyl)-5-(4-methylphenyl)pyra2ine-2- 
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carboxylic acid (1.42 g, 3.59 mmol) was dissolved in tetrahydrofuran (15 mL) under Ar. 
Upon cooling to -20°C triethylamine (0.70 ml, 5.02 mmol) and then iso- 
butylchloroformiate (0.56 ml, 4.30 mmol) were added dropwise. After the addition the 
temperature was adjusted to 0°C After stirring at 0°C for 1 h, the reaction mixture was re 
cooled to -20°C and 4.33 ml of a pre-prepared solution of sodiumborohydride (0.940 g, 
24.8 mmol) in pre-chilled H 2 0 (10 mL) was added dropwise to the reaction mixture. After 
stirring at -20°C for 1 .5 h the reaction was quenched by the dropwise addition of HC1 (aq., 
2 M). The reaction mixture was allowed to stir for 1 h (during that time the temperature 
increased to -10°Q before it was diluted with dichloromethane and washed with H 2 0. The 
organic phase was separated and the aqueous phase was extracted further with 
dichloromethane. The collected organic phases were washed with brine before drying with 
MgS0 4 . The solvent was removed under reduced pressure and with preparatory HPLC the 
two compounds were separated to give the Ethyl 6-(4-chIorophenyl)-3-(hydroxymethyl)-5- 
(4-mefhylphenyl)pyrazine-2-carboxylate.(372 mg, 27%) , a white solid. 
*H NMR (400 MHz, CDC13) 8 7.48 (d, 2H), 7.41 (d, 2H), 7.29 (d, 2H), 7.15 (d, 2H), 5.15 
(d, 2H), 4.50 (q, 2H), 4.39 (t, OH), 2.37 (s, 3H), 1.46 (t, 3H). 
MS m/z 383 (M+H) + 

and ethyl 5<4-cMorophenyl)-3-(hydroxymethyl)-6-(4-methylphenyl)pyrazine-2- 
carboxylate (362 mg, 26%) as a white solid. 

'H NMR (400 MHz, CDC13) 5 7.49 (d, 2H), 7.40 (d, 2H), 7.31 (d, 2H), 7.15 (d, 2H), 5.16 
(d, 2H), 4.51 (q, 2H), 4.29 (t, OH), 2.37 (s, 3H), 1.46 (t, 3H). 
MS m/z 383 (M+H) + 

Step C Rthvl 6-(4K:MorophenvlV5-(4-memvIphenv^ 

2-carboxvlate and eth yl 6-(4-ch 1orophenvlV5-f4-methvlphenvl)-3-(lJ?-tetrazol-l- 
yImethvl) pyra7iTie-2-carboxvlate 

To a solution of ethyl 6-(4^morophenyl)-3-(hydroxymemyl)-5K4-memylphenyl)pyrazine- 
2-carboxylate (161 mg, 0.42 mmol) in tetrahydrofuran (5 ml) were added lH-tetrazol (44 
mg, 0.63 mmol) and triphenylphosphine (132 mg, 0.51 mmol). Upon cooling to 0°C, 
diethyl azodicarboxylate (0.8 ml, 0.46 umol) was added dropwise. The reaction mixture 
was stirred at 0°C for 1.5 h. The solvent was removed under reduced pressure and with 
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preparatory HPLC the two compounds were separated to give ethyl 6-(4-chlorophenyl)-5- 
(4-me%IpbenyI>3<2ff-te^^ (74 mg, 41 %), a 

white solid. 

*H NMR (400 MHz) 8 8.59 (s, 1H), 7.47 (d, 2H), 7.30 (d, 2H), 7.16 (d, 2H), 7.02 (d, 2H), 

6.51 (s, 2H), 4.52 (q, 2H), 2.32 (s, 3H), 1.47 (t, 3H). 

MS/tz/z435(M+H)\ 

and ethyl 6-(4-chIorophenyl)-5-(4-methylpheriyl)-3«(l/f-tetrazoI-l -ylmethyl)pyrazine-2- 
carboxylate (40 mg, 22 %) as a solid. 

! H NMR (400 MHz, CDC13) 5 8.91 (s, 1H), 7.47 (d, 2H), 7.30 (d, 2H), 7.21 (d, 2H), 7.09 

(d, 2H), 6.27 (s, 2H), 4.54 (q, 2H), 2.34 (s, 3H), 1.48 (t, 3H). 

MSm/z435(M+H) + . 

Step D 6-f4-cMorophenvl)-5-(4-meth^^ 

ylmethvl)pvrazine-2-c arhoxaTnirie 

Piperidine-1 -amine hydrochloride (0.81 g, 6.0 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimethylaluminium (3.0 ml, 2.0 M in toluene, 6 mmol) was 
carefully added during 5 min. The solution was stirred at ambient temperature for 1.5 h 1.0 
ml (0.50 mmol) of this stock solution was added to ethyl 6-(4-chlorophenyl)-5-(4- 
methylphenyl)-3-(2#-tefr^ (74 mg, 0.17 mmol) and 

the reaction mixture was stirred at 45°C overnight. It was cooled to 0°C and quenched with 
HC1 (aq, 2 M, 2.5 mL). The mixture was diluted with dichloromethane and neutralized 
with addition of KOH (aq, 2 M). The organic phase was separated and the aqueous phase 
was extracted further with dichloromethane. The collected organic phases were washed 
with H 2 0 before drying with Na 2 S0 4 . The solvent was removed under reduced pressure 
and purification by preparatory HPLC gave the tide compound (60 mg, 72%) as a white 
solid. 

! H NMR (400 MHz, CDQ3) 8 8.61 (s, NH), 8.58 (s, 1H), 7.39 (d, 2H), 7.32 (d, 2H), 7.05 
(d, 2H), 7,00 (d, 2H), 6.68 (s, 2H), 2.94-2.87 (m, 4H), 2.29 (s, 3H), 1.82-1.75 (m, 4H), 
1.50-1.43 (m, 2H). 
MSm/z489(M+H)\ 
Example 49 
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5-(4^Morophenv1l6^4-methvlphenvl)^ 
pyra7.iT>ft- 2-carboxamide 

Step A Emvl 544-ch1nrophenvn^(4-methv^ 

2-carboxvlate and . ethvl 5-f4-chlorophenvn-6-f4-methvlphenvlV3-a i?-tetrazol-l- 
y1methvl>PVrazine-2-carboxvlate 

To a solution of ethyl 5^4w:hlorophenyl)-3-(hydroxymethyl>6-(4-methylphenyl)pyr 
2-carbo'xylate (156 mg, 0.41 mmol) in tetrahydrofuran (5 ml) were added IH-tetrazol (43 
mg, 0.61 mmol) and triphenylphosphine (128 mg, 0.49 mmol). Upon cooling to 0°C, 
diethyl azodicarboxylate (82 pi, 0.45 umol) was added drop wise. The reaction solution 
was stirred at 0°C for 1.5 h. The solvent was removed under reduced pressure and with 
preparatory HPLC the two compounds were separated to ethyl 5-(4-chlorophenyl)-6-(4- 
memylphenyl)-3<2H-tetrazol-2-ylmemyl)pyrazine-2-carboxylate (105 mg, 59 %), a solid. 
l H NMR (400 MHz, CDC13) 5 8.62 (s, 1H), 7.42 (d, 2H), 7.23 (d, 2H), 7.22 (d, 2H), 7.17 
(d, 2H), 6.54 (s, 2H), 4.55 (q, 2H), 2.39 (s, 3H), 1.49 (t, 3H). 
MS m/z 435 (M+H) + . 

and ethyl 5K4-cMorophenyl)-6-(4-nietoylphen^ 
carboxylate (63 mg, 36 %) as solid. 

r H NMR (400 MHz,CDC13) 8 8.92 (s, 1H), 7.42 (d, 2H), 7.31 (d, 2H), 7.27 (d, 2H), 7.18 

(d, 2H), 6.30 (s, 2H), 4.56 (q, 2H), 2.39 (s, 3H), 1.50 (t, 3H). 

MSm/z435(M+H) + . 

Step B 5-(4^hloroDhenv]V6-(4-memvlphenvlVA^piperidin -l-vl-3-f2tf-tetra2ol-2- 
ylmethvDpvrazine-2-c arhnxaTnide 

Piperidine-l-amine hydrochloride (0.81 g, 6.0 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimethylaluminium (3.0 ml, 2.0 M in toluene, 6 mmol) was 
carefully added during 5 min. The solution was stirred at ambient temperature for 1.5 h. 
1.45 ml (0.73 mmol) of this stock solution was added to ethyl 5-(4-chlorophenyl)-6-(4- 
memylphenyl)0-(2H-tetrazol-2-ylmemyl)pyrazme-2K:arboxylate (105 mg, 0.24 mmol) 
and the reaction mixture was stirred at 45°C overnight It was cooled to 0°C and quenched 
with HQ (aq, 2 M, 2.5 mL). The mixture was diluted with dichloromethane and 
neutralized with addition of KOH (aq, 2 M). The organic phase was separated and the 
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aqueous phase was extracted further with dichloromethane. The collected organic phases 
were washed with H 2 0 before drying with Na 2 S0 4 . The solvent was removed under 
reduced pressure and purification by preparatory HPLC gave the title compound (74 mg, 
63%) as a pale yellow solid. 

J H NMR (400 MHz, CDC13) 8 8.68 (s, NH), 8.58 (s, 1H), 7.31 (d, 2H), 7.19-7.09 (m, 6H), 
6.68 (s, 2H), 2.93-2.88 (m, 4H), 2.38 (s, 3H), 1.81-1.75 (m, 4H), 1.51-1.42 (m, 2H). 
MSm/z*489(M+H) + . 

Example 50 

7V>rf-hutvl 5.6-bisf4-chlorophenvn-3- 1 r(2 -hvdroxvethvl¥ memvl)amino1carbonyl } - 



pyra7.ine-2-carboxvlate 




PyBOP (185 mg, 0.356 mmol), dissolved in DCM (1 ml), was added to a mixture of 3- 
(<ert-butoxycarbonyl)-5,6-bis(4-chlorophenyl)pyra2ine-2-carboxylic acid (100 mg, 0.225 
mmol) and 2-(memylamino)ethanol (34 mg, 0.449 mmol) in DCM (4 ml) and TEA (0.5 
ml), at 0°C. Stirring was continued at 0°C for 15 minutes and thereafter at room 
temperature for 22 hours. The reaction mixture was washed with water and dried over 
MgSC-4. The product was purified by flash chromatography (Si0 2 , toluene:ethyl acetate 
6:4) to give the subtitle compound as a slightly yellow powder (76 mg, 67%). 
*H NMR (400 MHz, CDC1 3 ) 8 7.48-7.28 (m, 8H), 4.02-3.96 and 3.80-3.75 (m, 2H), 3.75- 
3.70 and 3.58-3.52 (m, 2H), 3.40-3.32 and 3.12-3.04 (m, 1H), 3.21 and 3.05 (s, 3H), 1.62 
and 1.60 (s, 9H). 

13 C NMR (100 MHz, CDC1 3 ) 8 168.21, 167.29, 163.57, 163.37, 151.95, 150.79, 150.42, 
148.35, 148.11, 141.92, 140.07, 136.54, 136.39, 136.16, 135.65, 135.49, 135.40, 135.15, 
131.39, 131.25, 129.25, 129.10, 84.50, 60.48, 59.52, 52.92, 51.23, 38.17, 32.97, 28.20, 
28.14. 
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HRMS Calcd for [C 2 5H 2 5N 3 0 4 a 2 +H] + : 502. 130. Found: 502. 13 1 . 
Example 51 

5.6-Bis-f4-chloro-phenvlV3-proPOXV-pvT^^ 

Step A 5.6-Bis-(4-cb1oro-phenvD-3-hvdroxv-pvrazine-2-carboxvlic acid m ethvl ester ■ 
A solution of S.e-bis-C^Uoro-phenyl^S-hydroxy-pyrazine^^arboxylic acid (730 mg, 
2.02 mmol) and boron trifluoride ethyl etherate (10 ml) in methanol (50 ml) was refluxed 
for 3 hours, cooled to room temperature, added saturated sodium hydrogen carbonate (200 
ml) and extracted with CH 2 C1 2 (3x100 ml). The combined organic layers were washed with 
brine, dried (Na 2 S0 4 ), filtered and concentrated to afford 740 mg (98%) of the tide 
compound. 

*H NMR (CDC1 3 ): 5 1 1.2 (1H, s), 7.5-7.3 (8H, m), 4.1 (3H, s). 

Step B 5-6-Bis-f4-chloro-phenvlV3-propoxv-pvrazin e-2-carboxvlic acid methyl ester 

A solution of 5,6-bis-(4-chloro-phenyl)-3-hydroxy-pyrazine-2-carboxylic acid methyl ester 

(301 mg, 0.80 mmol), cesium carbonate (340 mg, 1.04 mmol), 1-bromopropane (95 ul, 

1 .04 mmol) and a few crystals of potassium iodide in DMF was heated at 60°C for 5 hours, 

cooled to room temperature and evaporated to dryness. Flash chromatography (silica, 

hexane:EtOAc 90:10) afforded 315 mg (94%) of the title compound. 

l H NMR (CDC1 3 ): 8 7.5-7.3 (8H, m), 4.5 (2H, t), 4.1 (3H, s), 1.9 (2H, q), 1.1 (3H, t). 

Step C. 5.6-Bis-f4-chloro-r>henvlV3-Dropoxv-pvrazine-2-carboxylic acid 

To a solution of 5,6-bis-(4-cbloro-phenyl)-3-propoxy-pyrazine-2-carboxylic acid methyl 

ester (315 mg, 0.76 mmol) in methanol (5 ml) was added a solution of potassium 

hydroxide (251 mg, 3.8 mmol) in water (5 ml) and refluxed for 1 hour. The mixture was 

cooled to room temperature, acidified with 1M hydrochloric acid, extracted with CH 2 C1 2 

(3x20 ml), dried (Na 2 S0 4 ), filtered and concentrated to afford 263 mg (86%) of the tide 

compound. 

Step D 5.6-Bis-f4-chlnro-phenvlV3-propoxv-Pvra7ine-2-carboxYlic ac id piperidin-1- 
ylamide 

To a solution of 5,6-bis-(4-chloro-phenyl)-3-propoxy-pyrazine-2-carboxylic acid (263 mg, 
0.65 mmol) in 10 ml CH 2 C1 2 was added 2 drops of DMF followed by oxalyl chloride (111 
ul, 1.31 mmol). The mixture was refluxed for 2 hours, cooled to room temperature and 
evaporated to dryness. The residue was dissolved in 10 ml CH 2 C1 2 and cooled to 0°C. 
Triethylamine (182 ul, 1.31 mmol) was added followed by 1-aminopiperidine (78 ul, 0.72 
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mmol) and the mixture was stirred at room temperature for 1.5 hours. Water (25 ml) was 
added, the mixture extracted with CH 2 C1 2 (2x30 ml), dried (Na 2 S0 4 ), filtered and 
concentrated. Flash chromatography (silica, hexane:EtOAc 3:1) afforded 240 mg (76%) of 
the tide compound as a pale yellow solid. 

*H NMR (CDC1 3 ): 8 8.3 (1H, broad s), 7.5-7.3 (8H, m), 4.5 (2H, t), 3.1-2.9 (4H, m), 2.0- 
1.7 (6H, m), 1.6-1.4 (2H, m), 1.1 (3H, t). 
MS m/z 508 (M+Na) 
HPLC:'99.6%. 

Example 52 

S^bisf^cMorophenvlVW-niperi 
carboxamide 

Dibutyltin oxide (12.7 mg, 0.051 mmol) and trimethylsilyl azide (0.134 ml, 1.016 mmol) 
were added to 5,6-bis(4^Morophenyl)-3-(cyanom 

carboxamide (79.0 mg, 0.169 mmol) dissolved in toluene (0.34 ml). The reaction mixture 
was refluxed for 28 h, adding another 6 eq of the trimethylsilyl azide (0.134 ml, 1.016 
mmol) after 20 h. The solvent was removed under reduced pressure and the residue was 
dissolved in methanol and re-concentrated under reduced pressure twice. The residue was 
dissolved in ethyl acetate and extracted several times with sat. NaHCOa. The combined 
aqueous phasees was acidified (10 % HC1) and extracted twice with ethyl acetate. The 
solvent was removed under reduced pressure from the combined organic phase. The 
product was purified by preparative HPLC (kromasil C8 column, ammonium acetate (aq, 
0.1 M):acetonitrile) to yield the title compound (20.0 mg, 23 %) as a white solid after 
freeze drying. 

*H NMR (400 MHz, DMSO-d6) 8 9.66 (1H, s), 7.43 (8H, m), 4.85 (2H, s), 2.77 (4H, t), 
1.55 (4H,m), 1.34 (2H,m). 

HRMS Calcd for [Ca^CUNsO+Hf: 509.137. Found: 509.138. 
Example 53 

5.6-bisf4-chIorophenvl^ 

Step A 5.6-bis(4-cMorophenvlV3-Qff-tetr^ 
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5,6-bis(4K:Worophenyl)pyrazine-2,3--dicarbonitrile (204 mg, 0.581 mmol), sodium azide 
(47 mg, 0.723 mmol), and triethylammonium chloride (154 mg, 1.12 mmol) were heated in 
N-methylpyrrolidinone (10 ml) at 170 degrees for 10 minutes in a microwave heating 
apparatus. Purification by preparative HPLC gave the title compound, 162 mg, 71%. 

*H NMR (400 MHz, CD3OD) 5 7.67 (d, 2H), 7.58 (d, 2H), 7.44 (d, 2H), 7.42 (d, 2H) 
MS m/z calcd for [C18 H9 C12 N7]H* 394, found 394 

Step Ft ^ fi-biste-chloroohenvlVS-f lg-tetrazol-S-vDpv razme^-carboxvlic acid 
5,6-bis(4-cMorophenyl)-3-(Itf-tefr^^ (155 mg, 0.393 mmol), 

potassium hydroxide (300 mg, 5.4 mmol), and 30% hydrogen peroxide (0.5 ml) were 
heated in 5 ml of water at 140 degrees for 10 minutes in a microvawe heating apparatus. 
The reaction mixture was acidified with 0.5M hydrochloric acid and extracted with 
methylene chloride. Drying (magnesium sulfate) and removal of the solvent in vacuo gave 
the title compound, 124 mg, 76%. 

l U NMR (400 MHz, CD3OD) 5 7.56 (d, 2H), 7.53 (d, 2H), 7.37 (d, 2H), 7.35 (d, 2H) 
MS m/z calcd for [C18 H10 C12 N6 02]H*413, found 413 
Step C 5-6-bisf4-cMoiopfa^ 
carboxamide 

5,6-bis(4-cMorophenyl)-3-(ltf-tetr^^ acid (78 mg, 0.19 

mmol), piperidin-l-amine hydrochloride (45 mg, 0.33 mmol), and PyBOP (123 mg, 0.24 

mmol) were mixed in pyridine (1 .5 ml) and stirred overnight at room temperature. 

Purification by preparative HPLC gave the target compound, 17 mg (18%). 

*H NMR (400 MHz, mix of CDCI3 and CD3OD ) 5 7.48-7.33 (m, 4H), 7.30-7.20 (m, 4H), 

2.73-2.62 (m, 4H), 1.62-1.53 (m, 4H), 1.38-1.29 (m, 2H) 

HRMS m/z calcd for [C23H2QC12N80]lT 495.1215, found 495.1219 



Example 54 
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5.6-bis(4^Morophenvl)-3-ff5-morphofo^ 
yIpyrazine- 2-carhoxflmirfe and 
Example 55 

5.64>is(4^ MorophenvlV3-r(5-mo^ 

vlpvrazine-2-carfaoxamide 

Step A 5,6-bis(4-cMorophenvl)-3-ftivdra^^ 

carboxamide . 

Piperidine- 1 -amine hydrochloride (0.82 g, 6.0 mmol) was dissolved in dichloromethane 
(6.0 ml) under Ar and trimethylaluminium (3.0 ml, 2.0 M in toluene, 6.0 mmol) was 
carefully added. The solution was stirred at ambient temperature for 1 .5 h and, as a result, a 
ca 0.5 M solution of an amide reagent was obtained. 8.1 ml (4.05 mmol) of this stock 
solution was added to ethyl 5,6-bis(4-cUorophenyl)-3-(hydroxymethyl)pyrazine-2- 
carboxylate (546 mg, 1.35 mmol) and the reaction mixture was stirred at 45°C overnight It 
was cooled to 0°C and quenched with HC1 (aq, 2 M, 8.0 mL). The mixture was diluted with 
dichloromethane and neutralized with addition of KOH (aq, 2 M). The organic phase was 
separated and the aqueous phase was extracted further with dichloromethane. The collected 
organic phases were washed with H 2 0 before drying with Na 2 S0 4 . The solvent was 
removed under reduced pressure and purification by preparatory HPLC gave the titled 
compound (436 mg, 70%) as a white solid. 

l H NMR (400 MHz, CDC1 3 ) 8 8.66 (s, 1H), 7.45-7.31 (m, 8H), 5.18 (d, 2H), 4.88 (t, OH), 

2.92-2.89 (m, 4H), 1.82-1.76 (m, 4H), 1.51-1.46 (m, 2H). 

MS/n/z457(M+H) + . 

Step B 5,6-bis(4-cMorophenvn-3-rf5-^^ 

piperidin- 1 -vlpvrazine-2-carboxamide 

To a suspension of 5,6-bis(4-cMorophenyl)-3Khydroxymet^^^ 

2-carboxamide (99 mg, 0.22 mmol) in tetrahydrofuran (2 ml) were added 5-(4- 

morpholino)tetrazole (50 mg, 0.32 mmol) and triphenylphosphine (68 mg, 0.26 mmol). 

Upon cooling to 0°C, diethyl azodicarboxylate (40jil, 0.22 mmol) was added dropwise. The 

reaction mixture was stirred at 0°C for Ih. The solvent was removed under reduced 

pressure and separation by preparative HPLC gave Ex 54, 5,6-bis(4-chlorophenyl)-3-[(5- 
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morphoIm-4-yl-2#-tetrazoi-2-y^ 

58%) and Ex. 55, 5,6-bis(4^Morophenyl)-3-[(5-^ 

//-piperidin-l-ylpyrazine-2-carboxamide (4mg, 3%) as solids. 

Ex. 54: X H NMR (400 MHz, CDCI 3 ) 8 8.57 (s, 1H), 7.37 (d, 4H), 7.20 (d, 4H), 6.46 (s, 

2H), 3.83-3.80 (m, 4H), 3.50-3.47 (m, 4H), 2.92-2.89 (m, 4H), 1.81-1.75 (m, 4H), 1.51- 

1.45 (m, 2H). 

MS m/i 594 (M+H) + . 

Ex. 55: X H NMR (400 MHz, CDC1 3 ) 6 8.58 (s, 1H), 7.38 (d, 4H), 7.23 (d, 2H), 7.16 (d, 
2H), 6.22 (s, 2H), 3.70-3.67 (m, 4H), 3.28-3.25 (m, 4H), 2.93-2.89 (m, 4H), 1.83-1.77 (m, 
4H), 1.52-4.45 (m,2H). 
MSra/z594(M+H) + . 

Example 56 

S.6-bis(4-cMorophenvlViV , -pip e ridin-l-vl-3-rf5-PVn:oUdin-l-Yl-2g-tetrazol-2- 

yl>methvnpvrazine-2-carboxamide 

Example 57 

^ fi-histt-cMo m phenvlVM 
ynmethvllpyrazine-2-c arboxamide 

To a suspension of 5,6-bis(4-cWorophenyl)-3-(hydroxymemyl)-iV--piperidm-l-ylpyrazine- 
2-carboxamide (148 mg, 0.32 mmol) in tetrahydrofuran (3.5 ml) were added 5-(l- 
pyrrolidino)tetrazole (68 mg, 0.49 mmol) and triphenylphospbine (102 mg, 0.39 mmol). 
Upon cooling to 0°C, diethyl azodicarboxylate (60pl, 0.34 mmol) was added dropwise. The 
reaction mixture was stirred at 0°C for 45min. The solvent was removed under reduced 
pressure and the residue was separated by preparative HPLC to give, EX. 56, 5,6-bis(4- 
cMorophenyl)-iV-piperidin-l^ 

carboxamide (122 mg, 65%) and Ex. 57, 5,6^bis(4-cmorophenyl)-iV'-piperidin-l-yl-3-t(5- 
P yiroUdm-l-yl-lH-tetrazol-l-yl)memyl]pyrazme-2-carboxar^ (26 mg, 14%) as solids. 
Ex. 56 :1 H NMR (400 MHz, CDC1 3 ) 6 8.57 (s, 1H), 7.37 (d, 4H), 7.20 (s, 4H), 6.44 (s, 2H), 
3.52-3.48 (m, 4H), 2.93-2.88 (m, 4H), 2.01-1.98 (m, 4H), 1.81-1.75 (m, 4H), 1.50-1.44 (m, 
2H). 



WO 2004/111034 



92 



PCT/SE2004/000970 



MS/tt/z578(M+H) + . 

Ex. 57:^ NMR (400 MHz, CDC1 3 ) 8 8.56 (s, 1H), 7.38 (d, 4H), 7.22 (d, 4H), 6.32 (s, 2H), 
3.56-3.52 (m, 4H), 2.93-2.88 (m, 4H), 1.89-1.77 (m, 8H), 1.53-1.45 (m, 2H). 
MSw/z578(M+H) + . 

Example 58 

5.6-bis(H-cMoroDhenvlV3-fr5-fi^ 
yI pyrazine-2-carfaoxamide 

Example 59 

5.6-bisf4-cMorophenvl^ 
vlpvrazine-2-carboxamide 

To a suspension of 5,6-bis(4-cUorophenyl)-3-(hydroxymethyl^^ 
2-carboxamide (150 mg, 0.33 mmol) in tetrahydrofuran (3.5 ml) were added 5- 
(xnethylthio)-lH-tetrazoIe (57 mg, 0.49 mmol) and triphenylphosphine (103 mg, 0.39 
mmol). Upon cooling to 0°C, diethyl azodicarboxylate (60jil, 0.33 mmol) was added drop 
wise. The reaction mixture was stirred at 0°C for 30min. The solvent was removed under 
reduced pressure and the residue was separation by preparated HPLC to give Ex. 58, 5,6- 
bis(4-chlorophenyl)-3-{ [5-(me^ 

ylpyrazine-2-carboxamide (111 mg, 61%) and Ex. 59, 5,6-bis(4-chlorophenyl)-3-{[5- 
(methyltfcoHiZ-tetrazol^ (37 mgy 

20%) as solids. 

Ex. 58: *H NMR (400 MHz, CDC1 3 ) 8 8.60 (s, 1H), 7.37 (d, 4H), 7.21 (d, 2H), 7.15 (d, 
2H), 6.59 (s, 2H), 2.93-2.88 (m, 4H), 2.67 (s, 3H), 1.81-1.76 (m, 4H), 1.50-1.45 (m, 2H). 
MSm/z555(M+H) + . 

Ex. 59: l H NMR (400 MHz, CDC1 3 ) 8 8.96 (s, 1H), 7.73 (d, 4H), 7.58 (d, 2H), 7.51 (d, 2H), 
6.63 (s, 2H), 3.29-3.25 (m, 4H), 3.09 (s, 3H), 2.18-2.13 (m, 4H), 1.87-1.81 (m, 2H). 
MSm£555(M+H) + . 

Example 60 



WO 2004/111034 



93 



PCT/SE2004/000970 



rarhnyaTnide 

Step A S.6-bisf4^hlorophenv1V3-fmetho xvTnethvl > )Pvrazine-2-carboxvlic acid 
Ethyl 5,6-bis(4-chlorophenyl)-3-(hydroxymethyI)pyrazine-2-carboxylate (1.44 g, 3.58 
mrnol) was dissolved in dichloromethane (18 mL). iodomethane (5.086 g, 35.8 mmol) and 
tetrabutylammonium hydrogensmphate (0.122 g, 0.358 mmol) and thenn NaOH (aq., 50 % 
w/w, 18 mL) were added. The solution quickly adopted a brightly red colour, which then 
gradually faded with time. Vigorous stirring overnight. The following morning the reaction 
mixture was cooled to 0 °C before HC1 (aq., 4 M, 200 mL) was slowly added (dropwise). 
The resulting mixture was transferred to a separation funnel with the aid of 
dichloromethane (100 mL). The organic phase was separated and the aqueous phase was 
extracted further with dichloromethane (4 x 100 mL). The collected organic phases were 
dried with MgS0 4 . Upon evaporation of the solvents the obtained residue was purified by 
column chromatography (silica gel, EtOAc-heptane, 0-40 %; upon reaching 40 % EtOAc 
formic acid was added to the eluent, 0.5 % v/v) to yield crude 5,6-bis(4-chlorophenyl)-3- 
(methoxymethyl)pyrazine-2-carboxyhc acid (1.130 g) as abrownish semi-solid. The 
material was used without further purification in the next step. 
Step B Methvl5.6-bis(4-nh1nrophenY lV3-rmethoxvmethvf)pvrazine-2-carboxylate 
To a mixture of 5,6-bis(4-chlorophenyl)-3-(methoxymethyl)pyrazine-2-carboxyhc acid 
(1.13 g, 2.90 mmol) in dichloromethane (28 mL) and MeOH (7 mL) was added 
Trimethylsilyl diazomethane (1.8 mL, 2.0 M in hexanes, 3.6 mmol) dropwise at such a rate 
as to keep the evolution of nitrogen under control. Stirring overnight at ambient 
temperature. Next morning silica gel (ca 5 g) was added to the reaction mixture and the 
solvents were evaporated. The obtained solid residue was put on top of a pre-packed 
column (silica gel, heptane) and the products were eluted with an EtOAc-heptane gradient 
(0-25 %). Methyl 5,6-bis(4H:morophenyl)-3-(memoxymethyl)pyrazme-2-caiboxylate 
(1.058 g, 2.62 mmol, 90 %) was obtained as a colourless viscous oil. 

l H NMR (500 MHz, CDCl 3 ) 5 7.54-7.40 (m, 4H), 7.40-7.30 (m, 4H), 4.98 (s, 2H), 4.04 (s, 
3H),3.53(s, 3H). 
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Step C 5,6-bis(4-chlorophenvl)-N-(4^ 
carboxamide 

(4,4-difluorocycIohexyl)amine (0.676 g, 5.00 mmol) was dissolved in dry toluene (5.0 mL) 
under Ar. Upon cooling to 0 °C trimethylaluminium (2.5 mL, 2.0 M in toluene, 5.0 mmol) 
was added drop wise. After the addition of Me^Al was complete the ice bath was removed 
and the solution was allowed to stir for 2 h at ambient temperature. It was then added to a 
solution of methyl 5,6-bis(4^Uorophenyl)-3-(methoxymethyl)pyrazine-2^arboxylate 
(0.441 g, 1.09 mmol) in toluene (3.0 mL) under Ar. Heating at 50 °C for 20 h. The 
following morning the reaction mixture was cooled to 0 °C and HC1 (aq., 2 M, 10 mL) was 
slowly added (dropwise). The obtained mixture was transferred to a separation funnel with 
the aid of dichloromethane (100 mL) and water (100 mL). The organic phase was 
separated and the aqueous phase was extracted further with dichloromethane (3 x 30 mL). 
The collected organic phases were washed with water (40 mL) and brine (70 mL) before 
drying with MgS(>4. Upon evaporation of the solvents the obtained residue was purified by 
column chromatography (silica gel, EtOAc-dichloromethane, 0-6 %) to yield 5,6-bis(4- 
cUorophenyl)-Af-(4,4-chfluorocyclote 
(0.511 g, 1.01 mmol, 92 %) as a yellowish powder. 

*H NMR (500 MHz, CDC1 3 ) 5 7.83 (d, 1H, J=8.1 Hz, N-#), 7.49 (d, 2H, J=8.5 Hz), 7.41 
(d, 2H, J=8.7 Hz), 7.37 (d, 2H, J=8.7 Hz), 7.33 (d, 2H, J=8.5 Hz), 5.23 (s, 2H), 4.19-4.04 
(m, 1H), 3.61 (s, 3H), 2.26-2.04 (m, 4H), 2.04-1.82 (m, 2H), 1.82-1.65 (m, 2H). 
HRMS Calcd for [CzsHzaClzFiNaCb+H]^: 506.1213. Found: 506.1208. 
Example 61 

5.6-bis(4-chlorophenvlVAr-(4,4-difluorocvclohexvlV3-(rf4- 
fluorobenzvl)oxv1methvI)pvrazine-2-carboxamide 
Step A 5,6-bis(4-cMorophenvlV3-frf4-fluorobe 
acid 

Ethyl 5,6-bis(4-chlorophenyl)-3-(hydroxymethyl)pyrazine-2-carb g, 1.39 

mmol) was dissolved in dichloromethane (7 mL). />-fluorobenzyl bromide (0.659 g, 3.49 
mmol) and tetrabutylammonium hydrogensulphate (47 mg, 0.14 mmol) and then NaOH 
(aq., 50 % w/w, 7 mL) were added The mixture quickly adopted a brightly red colour, 
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which then gradually faded with time. Vigorous stirring overnight The following morning 
the reaction mixture was cooled to 0 °C before HQ (aq., 4 M, 100 mL) was slowly added 
(dropwise). The resulting mixture was transferred to a separation funnel with the aid of 
dichloromethane (50 mL). The organic phase was separated and the aqueous phase was 
extracted further with dichloromethane (4 x 50 mL). The collected organic phases were 
dried with MgS0 4 . Upon evaporation of the solvents the obtained residue was purified by 
column chromatography (silica gel, EtOAc-heptane, 0-40 %; upon reaching 40 % EtOAc 
formic acid, 1 % v/v, was added to the eluent) to yield crude 5,6-bis(4-chlorophenyl)-3- 
{t(4-fluorobenzyl)oxy]methyl}pyrazine-2-carboxylic acid (0.534 g) as a brownish oil. The 
material was used as such in the next step without further purification. 
Step B Methvl 5.6-bis(4-ch1orophenvl V 3-f K4-fluorobenzvl)oxv1methyl }pyrazine-2- 

carboxvlate 

To a mixture of 5,6^bis(4-chIorophenyl)-3-{[(^ 

carboxylic acid (0.534 g, 1.10 mmol) in dichloromethane (12 mL) and MeOH (3 mL) was 
added Trimethylsilyl diazomethane (0.69 mL, 1.38 mmol, 2 M in hexanes) at such a rate 
(ca 5 min) as to keep the evolution of nitrogen under control. After the addition was 
complete the mixture was stirred at ambient temperature overnight. The following morning 
a few drops of acetic acid were added in order to destroy the excess of trimethylsilyl 
diazomethane. Silica gel (ca 3 g) was added and the solvents were evaporated. The 
obtained residue was put on top of a pre-packed column (silica gel, heptane) and the 
produts were eluted using an EtOAc-heptane gradient (0-20 %). Methyl 5,6-bis(4- 
cmorophenyl)-3-{[(4-fluorobenzyl)oxy]memyl}pyrazine-2-carboxylate (0.384 g, 0.772 

mmol, 70 %) was obtained as a colourless, viscous oil. 

l H NMR (500 MHz, CDQ 3 ) 5 7.52-7.40 (m, 4H), 7.40-7.30 (m, 6H), 7.08-7.00 (m, 2H), 
5.08 (s, 2H), 4.67 (s, 2H), 3.98 (s, 3H). 

g+» p r s i ^hisf4-cMorophe nYlV^-f4.4-difluomcyclohexYl>3-{r(4- 
flnnrohenzvDox y1niethvnp vra^nft-7.-carboxamide 

(44-dffluorocyclohexyI)amine (0.691 g, 5.11 mmol) was dissolved in dry toluene (5.0 mL) 
under Ar. Upon cooling to 0 °C trimethylaluminium (2.5 mL, 2 M in toluene, 5.0 mmol) 
was added dropwise. After the addition of Me 3 Al was complete the ice bath was removed 
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and the mixture was allowed to stir for 2 h at ambient temperature; consequently, a ca 0.67 
M solution of aluminium amide was obtained. A part of this solution (0.9 mL, 1.3 mmol, 
corresponding to ca 8.6 eq.) was added to methyl 5,6-bis(4-chlorophenyl)-3-{[(4- 
fluorobenzyl)oxy]methyl}pyrazine-2-carboxylate (35 mg, 0.070 mmol), which had been 
placed in a dry flask under Ar. Heating at 50 °C for ca 19 h. Upon cooling the reaction 
mixture to 0 °C toluene (1 mL) was added before HC1 (aq., 2 M, 1 mL) was slowly added 
(dropwise). After stirring at 0 °C for 1 h the obtained mixture was transferred to a 
separation funnel with the aid of dichloromethane (30 mL) and water (30 mL). The organic 
phase was separated and the aqueous phase was extracted further with dichloromethane (3 
x 10 mL). The collected organic phases were washed with water (10 mL) and brine (30 
mL) before diying with MgS0 4 . Upon evaporation of the solvents the obtained residue was 
purified by column chromatography (silica gel, EtOAc-dichloromethane, 0-3 %) to yield 
5,6-bis(4n:Uorophenyl)-iV-(4,4-difluorocyclohexyl>3-{[(4- 

fluorobenzyl)oxy]methyl}pyrazine-2-carboxamide (33 mg, 0.055 mmol, 78 %) as a white 
solid. 

! H NMR (500 MHz, CDC1 3 ) 5 7.79 (d, 1H, J=8.2 Hz, N-H) 9 7.47 (d, 2H, J=8.4 Hz), 7.44- 
7.35 (m, 6H), 7.33 (d, 2H, J=8.5 Hz), 7.08-6.98 (m, 2H), 5.33 (s, 2H), 4.76 (s, 2H), 4.19- 
4.03 (m, 1H), 2.24-2.04 (m, 4H), 2.04-1.84 (m, 2H), 1.80-1.64 (m, 2H). 
HRMS Calcd for [CaiH^CbFsNaC^+Hf: 600.1432. Found: 600.1445. 
Example 62 

5.6-bisf4-cMorophenvl)-3-r(4,4-diflu^ 
2-carboxamide 

Step A Ethvl 5,6-bis(4-cMorophenvl>3-r(4,4-difl^ 
carboxvlate 

Ethyl 5,6-bis(4-cUorophenyl)-3-formylpyi^ne-2^aiboxylate (92 mg, 0.23 mmol) was 
dissolved in 1,2-dichloroethane (0.8 mL) and 4,4-difluoropiperidine (56 mg, 0.46 mmol) 
was added Finally, sodium triacetoxyborohydride (73 mg, 0.34 mmol) was added and the 
reaction mixture was allowed to stir overnight at ambient temperature. The following 
morning the reaction mixture was transferred to a separation funnel with the aid of EtOAc 
(30 mL) and NaHC0 3 (aq., sat, 30 mL). The organic phase was separated and the aqueous 
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phase was extracted further with EtOAc (3 xlOmL). The collected organic phases were 
washed with water (15 mL) and brine (30 mL) before drying with MgS0 4 . Upon 
evaporation of the solvents the obtained residue was purified by column chromatography 
(silica gel, EtOAc-heptane, 0-20 %) to yield ethyl 5,6-bis(4-chlorophenyl)-3-[(4,4- 
difluoropiperiQin-l-yDmethyllpyrazine^-carboxylate (89mg, 0.18 mmol) as a colourless 

sticky oil. 

l H NMR (500 MHz, CDd 3 ) 8 7.50-7.40 (m, 4H), 7.38-7.30 (m, 4H), 4.48 (q, 2H, J=7.2 
Hz), 4.05 (s, 2H), 2.72-2.54 (m, 4H), 2.05-1.90 (m, 4H), 1.47 (t, 3H, J=7.1 Hz). 
Step B g^fejasl^sbloiogb^^ 
ylpvrazine-2-carboxamide 

The hydrochloride of piperidin-1 amine (0.683 g, 5.00 mmol) was suspended in dry 
toluene (5.0 mL) under Ar. Upon cooling to 0 °C trimemylaluirdnium (2.5 mL, 2 M in 
toluene, 5 .0 mmol) was added dropwise. After the addition of M e3 Al was complete the ice 
bath was removed and the mixture was allowed to stir for 3 h at ambient temperature; 
consequently, a ca 0.67 M solution of aluminium amide was obtained. A part of this 
solution (2.0 mL, 1.3 mmol, corresponding to ca7.4 eq.) was added to ethyl 5,6-bis(4- 
chlorophenyl)-3-[(4,4Kifflu^ ( 0092 & °- 18 

mmol), which had been placed in a dry flask under Ar. Heating at 50 °C for 18 h. Upon 
cooling to 0 °C toluene (ca 2 mL) was added before HC1 (aq., 2 M, 2 mL) was slowly 
added (dropwise). The obtained mixture was allowed to stir at 0 °C for ca 3 h before it was 
transferred to a separation funnel with the aid of dicbloromethane (30 mL) and water (30 
mL). The pH of the aqueous phase was adjusted to 6-7 withNaOH (aq., 2 M). The organic 
phase was separated and the aqueous phase was extracted further with dichloromethane (3 
x 10 mL). The collected organic phases were washed with water (10 mL) and brine (30 
mL) before drying with MgS0 4 . Upon evaporation of the solvents the obtained residue was 

purified by two rounds of column cinematography: 1) silica gel, EtOAc-heptane, 0-50 %; 

2) silica gel , EtOAc-dichloromethane, 0-30 %. This yielded 5,6-bis(4-chlorophenyl)-3- 

[(4,4-mfluoropiperidm-l-yl)n^^ < 82 m S' 

0.15 mmol, 80 %) as a viscous, yellowish oil. 
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l H NMR (500 MHz, CDC1 3 ) 5 8.51 (br s, 1H, N-fl), 7.48-7.40 (m, 4H), 7.36 (d, 2H, J=8.4 
Hz), 7.33 (d, 2H, J=8.4 Hz), 4.36 (s, 2H), 2.98-2.86 (m, 4H), 2.86-2.78 (m, 4H), 2.10-1.94 
(m, 4H), 1.88-1.74 (m, 4H), 1.56-1.42 (m, 2H). 
HRMS Calcd for [Cag^ChFaNsOfHf: 560.1796. Found: 560. 1794. 

Example 63 

5,6-biste-cMorophenvl^ 
vl)methvnpvrazine-2-carboxamide 

(4,4-difluorocyclohexyl)amine (0.691 g, 5.11 mmol) was dissolved in dry toluene (5.0 mL) 
under An Upon cooling to 0 °C trimethylaluminium (2.5 mL, 2 M in toluene, 5.0 mmol) 
was added dropwise. After the addition of Me 3 Al was complete the ice bath was removed 
and the mixture was allowed to stir for 2 h at ambient temperature; consequently, a ca 0.67 
M solution of aluminium amide was obtained. A part of this solution (2.2 mL, 1.5 mmol, 
corresponding to ca 8 eq.) was added to ethyl 5,6-bis(4-chlorophenyl)-3-[(4,4- 
(Muoropiperidin-l-yl)methyI]pyrazine-2-carboxylate (0.092 g, 0.18 mmol), which had 
been placed in a dry round flask under Ar. Heating at 50 °C for 19 h. Upon cooling to 0 °C 
toluene (ca 2 mL) was added before HC1 (aq., 2 M, 2 mL) was slowly added (dropwise). 
The obtained mixture was allowed to stir at 0 °C for 1 h before it was transferred to a 
separation funnel with the aid of dichloromethane (30 mL) and water (30 mL). The organic 
phase was separated and the aqueous phase was extracted further with dichloromethane (3 
x 10 mL). The collected organic phases were washed with water (10 mL) and brine (30 
mL) before drying with MgSC>4. Upon evaporation of the solvents the obtained residue was 
purified by column chromatography (silica gel, EtOAc-dichloromethane, 0-14 %) to yield 
5,6-bis(4-cUorophenyl)-i^ 

yl)methyl]pyrazine-2-carboxamide (84 mg, 0.14 mmol, 78 %) as a white solid. 

! H NMR (500 MHz, CDC1 3 ) 5 7.91 (br s, 1H, J=8.1 Hz, N-fl), 7.45 (d, 2H, J=8.5 Hz), 7.42 

(d, 2H, J=8.5 Hz), 7.37 (d, 2H, J=8.5 Hz), 7.33 (d, 2H, J=8.5 Hz), 4.38 (s, 2H), 4.18-4.04 

(m, 1H), 2.90-2.76 (rn, 4H), 2.26-1.86 (m, 12H). 

HRMS Calcd for [CzgHagClaF^O+H]*: 595.1655. Found: 595.161 1. 

Example 64 
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5.6-bis(4^Morophenv1VAr-f4.4- d ifluoropiperidin-1-vlV3-(methoxYme 
carboxamide 

The hydrochloride of 4,4-difluoropiperidin-l-amine (0.863 g, 5.00 mmol) was suspended 
in dry toluene (5.0 mL) in a dry round flask under Ar. Upon cooling to 0 °C 
trimethylaluminium (2.5 mL, 2.0 M in toluene, 5.0 mmol) was added dropwise. When the 
addition of MesAl was complete the flask was removed from the ice bath and the mixture 
was allowed to stir at ambient temperature. After stirring for 2 h the cognac-coloured 
solution (not entirely homogeneous: a few solid lumps remained) was added to a solution 
of methyl 5,6-bis(4^Morophenyl>3Kmethoxymethyl)pyrazine-2-carboxylate (0.407 g, 
1.00 mmol) in dry toluene (3.0 mL) under Ar. Heating at 50 °C for 20 h. Upon cooling the 
reaction mixture to 0 °C HC1 (aq., 2 M, 10 mL) was slowly added (dropwise). The obtained 
mixture was transferred to a separation funnel with the aid of dichloromethane (100 mL) 
and water (100 mL). The organic phase was separated and the aqueous phase was extracted 
further with dichloromethane (3 x 30 mL). The collected organic phases were washed with 
water (40 mL) and brine before drying with MgS0 4 . Upon evaporation of the solvents the 
obtained residue was purified by column chromatography (silica gel, EtOAc- 
dichloromethane, 0-15 %) to yield 5,6-bis(4-chIorophenyl)-iV-(4,4-difluoropiperidin-l-yl)- 
3-(methoxymemyl)pyrazme-2-carboxamide (0.401 g, 0.79 mmol, 78 %) as a slightly 
yellowish solid. 

! H NMR (500 MHz, CDC1 3 ) 8 8.63 (br s, 1H, N-iZ), 7.48 (d, 2H, J=8.7 Hz), 7.40 (d, 2H, 
J=8.7 Hz), 7.37 (d, 2H, J=8.7 Hz), 7.32 (d, 2H, J=8.7 Hz), 5.20 (s, 2H), 3.60 (s, 3H), 3.17- 
3.07 (m, 4H), 2.30-2.17 (m, 4H). 

HRMS Calcdfor [C^n^^O^f: 507.1166. Found: 507.1165. 
Pharmacological Activity 

Compounds of the present invention are active against the receptor product of the CB1 
gene. The compounds of the present invention are active at the CB1 receptor (IC50 <1 
micromolar). Most preferred compounds have IC50 <200 nanomolar. The affinity of the 
compounds of the invention for central cannabinoid receptors is demonstrable in methods 
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described in Devane et al„ Molecular Pharmacology, 1988, 34,605 or those described in 
WO01/70700 or EP 656354. Alternatively the assay may be performed as follows. 

lO^ig of membranes prepared from cells stably transfected with the CB1 gene were 
suspended in 200jil of lOOmM NaCl, 5mM MgCl 2 , ImM EDTA, 50mM HEPES (pH 7.4), 
ImM DTT, 0.1% BSA and 100|iM GDP. To this was added an EC80 concentration of 
agonist (CP55940), the required concentration of test compound and O.ljiCi [ 35 S]-GTPyS. 
The reaction was allowed to proceed at 30°C for 45 min. Samples were then transferred on 
to GF/B filters using a cell harvester and washed with wash buffer (50mM Tris (pH 7.4), 
5mM MgCI 2 , 50mM NaCl). Filters were then covered with scintilant and counted for the 
amount of [ 35 S]-GTPyS retained by the filter. 

Activity is measured in the absence of all ligands (minimum activity) or in the presence of 
an EC80 concentration of CP55940 (maximum activity). These activities are set as 0% and 
100% activity respectively. At various concentrations of novel ligand, activity is calculated 
as a percentage of the maximum activity and plotted. The data are fitted using the equation 
y==A+((B-A)/l+((C/x) UD)) and the IC50 value determined as the concentration required 
to give half maximal inhibition of GTPyS binding under the conditions used. 

Selected examples of the present invention exhibit the following data: 
Example 9: 1.8 nM 
Example 27: 13.5 nM 
Example 35 1.4 nM 

The compounds of the present invention may provide additional benefits in terms of 
potency, selectivity, bioavailability, half-life in plasma, blood brain permeability, plasma 
protein binding or solubility compared to representative reference CB1 antagonists/inverse 
agonist agents. 
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Claims 

1 . A compound of formui a (I) 



R 2 \ /N. /R 3 



and pharmaceutically acceptable salts thereof, in which 

R 1 and R 2 independently represent phenyl, thienyl or pyridyl each of which is 
independently optionally substituted by one or more groups represented by Z; 

Z represents a Ci^alkyl group optionally substituted by one or more: hydroxy; a Q-ealkoxy 
group optionally substituted by one or more fluoro; a C 3 .gcycloaIkyl group; a saturated or 
partially unsaturated 5 to 8 membered heterocyclic group containing one or more 
heteroatoms selected from nitrogen, oxygen or sulphur, or by a group NR 10 R n (in which 
R 10 and R n independently represent hydrogen, a Ci^alkyl group, a Ci-ealkanoyl group or a 
C^alkoxycarbonyl group), or Z represents a Cs-gcycloalkyl group, a C^alkoxy group 
(optionally substituted by one or more fluoro), hydroxy, halo, trifluoromethyl, 
trifluoromethylthio, trifluoromethylsulphonyl, nitro,. a group NR 10 R U (in which R 10 and R n 
independently represent hydrogen, a Q-ealxyl group, a Ci^alkanoyl group or a Q. 
6 alkoxycarbonyl group), mono or di Q-salkylamido, Ci. 3 alkylthio, C,. 3 alkylsulphonyI, Ci- 
3 alkylsulphonyloxy, Ci- 3 alkoxycarbonyl, catboxy, cyano, carbamoyl, mono or di Ci. 3 allcyl 
carbamoyl, sulphamoyL acetyl, an aromatic heterocyclic group which is optionally 
substituted by one or more halo, C,^alkyl, trifluoromethyl or trifluoromethoxy and a 
saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one or 
more heteroatoms selected from nitrogen, oxygen or sulphur wherein the heterocyclic 
group is optionally substituted by one or more d. 3 alkyl groups, hydroxy, fluoro, benzyl 
or an amino group -NR x R y in which R x and R y independently represent H or d^alkyl ; 
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R 3 represents a group of formula X-Y-NR^ 6 
in which X is CO or SO2 

and Y is absent or represents NH optionally substituted by a Ci_3alkyl group 

and R 5 and R 6 independently represent: 

a Ct^alkyl group optionally substituted by one or more hydroxy; 

an (amino)CMalkyl- group in which the amino is optionally substituted by one or more 
Ci_ 3 alkyl groups; 

a group (C3-i2cycloalkyl)(CH2)g- wherein g is 0, 1, 2 or 3 wherein the cycloalkyl is 
optionally substituted by one or more fluoro, hydroxy, Ci_ 3 alkyl, Ci. 3 alkoxy, 
trifluoromethyl or trifluoromethoxy; 

a group -<CH2) r (phenyl ) s in which r is 0, 1, 2, 3 or 4, s is 1 when r is 0 otherwise s is 1 or 2 

and the phenyl groups are optionally independently substituted by one or more groups 

represented by Z; 

naphthyl; 

anthracenyl; 

a saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one or 
more heteroatoms selected from nitrogen, oxygen or sulphur wherein the heterocyclic 
group is optionally substituted by one or more Ci^alkyl groups, hydroxy, fluoro, 
trifluoromethyl , benzyl or an amino group -NR x R y in which R x and R y independently 
represent H or Q^alkyl ; 
1 -adamantylmethyl ; 

a group - (CH 2 )t Het in which t is 0,1, 2, 3 or 4, and the alkylene chain is optionally 
substituted by one or more Ci^alkyl groups and Het represents an aromatic heterocyclic 
group optionally substituted by one, two or three groups selected from a Ci_ 5 alkyl group, a 
Ci-salkoxy group or halo; 
or R 5 represents H and R 6 is as defined above; 

or R 5 and R 6 together with the nitrogen atom to which they are attached represent a 
saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one 
nitrogen and optionally one of the following: oxygen, sulphur or an additional nitrogen; 
wherein the heterocyclic group is optionally substituted by one or more more Ci_3alkyl 
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groups, hydroxy, fluoro, trifluoromethyl, trifluoromethoxy, benzyl, C^alkanoyl or aa 
amino group -NR x R y in which R x and R y independently represent H or C ^alkyl ; 

R 4 represents a group of formula (CH^COOR 

in which n is 0, 1, 2, 3 or 4; and R 7 represents a C4-i 2 aIkyl group, a C 3 -i 2 cycloalkyl group 
or a (C3. 12 cycloalkyl)Ct. 3 alkyl- group each of which is optionally substituted by one or 
more of the following: a C^alkyl group; fluoro, amino or hydroxy, or 

R 7 represents a group -(CH 2 ) a phenyl in which a is 0, 1, 2, 3 or 4 and the phenyl group is 
optionally substituted by one or more groups represented by Z which may be the same or 
different or 

R 7 represents a saturated or partially unsaturated 5 to 8 membered heterocyclic group 
containing one or more of the of the following: oxygen, sulphur or nitrogen; wherein the 
heterocyclic group is optionally substituted by one or more Ci. 3 alkyl groups, C^acyl 
groups, hydroxy, amino or benzyl; or 

R 4 represents a group of formula -(CH 2 ) 0 -0-(CH2) P - R 8 in which o and p independently 
represent an integer 0, 1 , 2, 3 or 4 and each of the alkyl chains is independently optionally 
substituted by one or more Chalky! groups, C^alkoxy groups or hydroxy and R 8 
represents a Q.nalkyl group or a d^alkoxy group or R 8 represents phenyl optionally 
independently substituted by one or more Z groups or R 8 represents an aromatic 
heterocyclic group or a saturated or partially unsaturated 5 to 8 membered heterocyclic 
group containing one or more of one following: oxygen, sulphur or nitrogen wherein each 
of these rings is optionally substituted by one or more groups represented by Z which may 
be the same or different; with the proviso that R 4 is not a C^alkoxymethyl group unless 
R 3 represents a group of formula X-YNR S R 6 in which X is CO and Y is absent and R 5 is H 
and R 6 is a C 3 -8 cycloalkyl group substituted by one or more fluoro or X is CO and Y is NH 
and NR 5 R 6 together represent a piperidino group substituted by one or more fluoro; or R 8 
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represents a C3^cycloaIkyl group or a C3-gcycloalkenyl group optionally substituted by one 
or more groups represented by Z which may be the same or different; 

R 4 represents a C^alkyl group optionally substituted by one or more fluoro, hydroxy, or 
amino; or 

R 4 represents a group of formula -(CH 2 )qR 9 in which q is 0, 1, 2, 3 or 4 and R 9 represents 
a C3-i2cycloaIkyl group, a C3_i2cycloalkenyl group, phenyl, an aromatic heterocyclic group 
or a saturated or partially unsaturated 5 to 8 membered heterocyclic group containing one 
or more of one following: oxygen, sulphur or nitrogen wherein each of these rings is 
optionally substituted by one or more groups represented by Z which may be the same or 
different; or 

R 4 represents a group of formula -L^R 9 in which L 1 represents a C 2 -6alkenylene chain 
optionally substituted by one or more Ci^alkyl groups and R 9 is as previously defined; or 

R 4 represents a group of formula -(CH 2 ) m -0-(CO)- R 10 in which m represents an integer 0, 

1, 2, 3 or 4, in which R 10 represents a Ci-i 2 alkyl group optionally substituted by one or 
more fluoro, hydroxy, or amino or R 10 represents a group of formula -(CH 2 ) q R 9 in which 
q and R 9 is as previously described;or 

R 4 represents a group of formula CONR ll R 12 in which R u and R 12 independently represent 
H or a Ci^alkyl group or a C^alkyl group substituted by one or more hydroxy groups 
provided that at least one of R 11 and R n is a hydroxyCi^alkyl group; or 

R 4 represents a group of formula -L 2 CN in which L 2 represents a Ci^alkylene chain. 

2. A compound according to claim 1 represented by formula Ha 



WO 2004/111034 



PCT/SE2004/000970 

105 




Ha 

wherein R 1 and R 2 independently represent phenyl optionally independently substituted by 
halo or pyridyl, 

R 4 represents a C^alkyl group, a group CH 2 OR 8 in which R 8 is a C^alkyl group, a group 
CO2R 7 in which R 7 represents a C^alkyl group, 
and Y is represents Nil and 
R 5 represents H and 

R 6 represents perfluorophenyl or phenyl optionally substituted by trifluoromethyl or R 5 and 
R 6 together with the nitrogen to which they are attached represent piperidino, morpholino 
or piperazino each of which is optionally substituted by one or more Ci. 3 alkyl groups, 
hydroxy, fluoro, trifluoromethyl, trifluoromethoxy, benzyl, Q-ealkanoyl or an amino group 
-NR"R y in which R x and R y independently represent H or C^aUcyl; 

or Y is absent and 

R 5 represents H or a C^aUcyl group optionally substituted by amino; 

R 6 represents tetrahydropyranyl or 4- piperidinyl optionally substituted by one or more Q- 
3 alkyl groups, hydroxy, fluoro, trifluoromethyl, trifluoromethoxy, benzyl, Ci-ealkanoyl or 
an amino group -NR x R y in which R x and R y independently represent H or C^alkyl or a d. 
6alkyl group optionally substituted by amino; 
or 

R 5 and R 6 together with the nitrogen to which they are attached represent piperidino, 
morpholino or piperazino each of which is optionally substituted by Ci- 3 alkyl or fluoro. 
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3. A compound according to claim 1 represented by formula Hb . 




wherein R 1 and R 2 represent phenyl independently optionally substituted by one or more 
chloro; and 

R 7 represents butyl, tot-butyl, cyclohexyl or benzyl. 

4. A compound according to claim 1 represented by formula He 



wherein R and R represent phenyl independently optionally substituted by one or more 
chloro or methyl; 
uisO, 1,2,3, or 4; 

R j represents triazolyl, tetrazolyl, imidazolyl, pyrrolyl, thiazolyl, oxazolyl, oxazinolyl, 
isoxazolyl, isothiazolyl, oxadiazolyl, thiadiazolyl, azolactonyl or azetidinyl each of which 
is optionally substituted by one or more of the following: morpholinyl, piperidinyl, 
pynolidinyl, a Ci. 3 alkylthio group, a C 3 -€cycloalkyI group, Ci. 3 alkoxy, hydroxy, amino, Ci- 
6 alkylamino, di(Ci^alkyl)amino, or a Q^alkyl group optionally substituted by one or more 
of the following: Ci- 3 aIkoxy, hydroxy, amino, Ci^alkylamino, di(Ci^alkyl)amino, 
morpholinyl, piperidinyl or pyrrolidinyi or a group of formula CH^R^ in which X is 
hydroxy, a Ci^alkoxy group, difluoromethoxy, Ci^alkyl, amino, Ci^alkylamino, di(Ci. 
6alkyl)amino, morpholinyl, piperidinyl or pyrrolidinyi, R p represents hydrogen, a Ci^alkyl 



O 
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group or a C 3 ^cycloalkyl group and R q represents hydrogen, a Ci- 6 alkyl group or a Q. 
6 cycloalkyl group or R j represents C^alkoxy group terminally substituted on carbon by 
one or more fluoro; and 

R k represents piperidino, 4,4-difluorocyclohexyl or C 3 ^alkyl optionally substituted by 
hydroxy. 

5. A compound according to claim 4 in which R 1 and R 2 represent phenyl independentiy 
optionally substituted by one or more chloro or methyl; 

R j represents triazolyl or tetrazolyl each of which is optionally substituted by one or more 
of the following: a Qjalkylthio group, a Q-scycloalkyl group or a Ci^alkyl group 
optionally substituted by one or more of the following: Ct. 3 alkoxy, hydroxy, amino, Ci. 
6 alkylamino, d^C^alkyDamino, morpholinyl, piperidinyl or pyrrolidinyl or a group of 
formula CH(X)R p R q in which X is hydroxy, difluoromethoxy, C^alkyl, amino Q. 
6 alkylamino, <h(C w alkyl)amino, morpholinyl, piperidiyl or pynolidinyl, R p represents 
hydrogen, a C^alfcyl group or a Q^cycloalkyl group and R q represents hydrogen, a Q. 
6 alkyl group or a Qj-ecycloalkyl group or R j represents d-ealkoxy group terminaUy 
substituted on carbon by one or more fluoro; and u is 0 or 1; and 

R k represents piperidino, 4,4-difluorocyclohexyl or C^alkyl optionally substituted by 
hydroxy. 

6. A compound selected from one or more of the following: 

rm-butyl 5,6-bis(4-cMoropheny^ 
carboxylate; 

butyl 5,6-bis(4-cMorophenyl)-3-[(piperi^^ 

cyclohexyl5,6^bis(4-cMorophenyl^ 

carboxylate; 

benzyl5,6^bis(4-cMorophenyl)-3-[(pi^^ 

tert-butyl5,6^bis(4-cMorophenyl)-3-^^ 

pyrazine-2-carboxylate; 

tert-butyl5,6-bis(4-cMorophenylW 
pyrazine-2-carboxylate; 
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tert-butyl 5,6-bis(4-cMorophenyl)-3-({ 2-[4-(trifluoromethyl)phenyl]hydrazino}carbonyl> 

pyrazine-2-carboxyIate; 

tert-butyl 5,6-bis(4-cMorophenyl)-3-[(moipto 

caiboxylate; 

tert-butyl 5,6-bis(4^hlorophenyl)-3-^^ 
carboxylate; 

3-(tert-butoxymethyl)-5,6-bfc^ 

5,6-bis(4-cMorophenyl)-3-(cyclote^ 

carboxamide; 

5,6-bis(4-cUorophenyl)-3-(cyanomethyl)-N-piperidin-l-ylpyrazin^ 
5,6-bis(4-cMorophenyI)-3-(l-methoxyethyl)-JV L piperidin 

tert-butyl 5,6-bis(4-chlorophenyl>3-{ [(2-hydroxy-l-methylethyl)amiiio]carbonyl}- 
pyrazine-2-carboxylate; 

tert-butyl 5,6-bis(4-chlorophenyl)-3-{ [(4,4-dijHuorocyclohexyl)amino]cait)onyl}pyrazine- 
2-carboxyIate; 

tert-butyl 5,6-bis(4-cMorophenyI)-3-[(pentylan^ 

tert-butyl 5,6-bis(4-chlorophenyl)-3-{ [(l-ethylprx>pyI)ainino]carbonyl}pyraziiie-2- 
carboxylate; 

tert-butyl 5,6-bis(4-chlorophenyl)-3-{ [(4,4-difluoropipericUn-l-yl)amiuo]carbonyl}-. 

pyrazine-2-carboxylate; 

5,6-bis(4-cMorophenyl)-N-piperi^ 

yl)methylJpyrazine-2-carboxamide; 

5,6-bis(4-chlorophenyl)-3-{ [4-(l-hydroxyethyI)-lH-l ,2,3-triazoM-yl]methyl }-N- 

piperidin-l-ylpyrazine-2-carboxamide; 

5,6-bis(4-chIorophenyl)-3-{[5-(^ 

piperidin-l-ylpyrazine-2-carboxamide; 

terf-butyl {[l-({5,6-bis(4-cMorophenyl^ 

yl}methyl)-lH-l,2,3-triazol-4-yl]methyl}carbamate; 

tert-butyl {[l-({5,6-bis(4-cWorophenyI)-3-[(piperidiu-l-ylamino)caxbonyl]pyr 
yl }methyI>lH- 1 ,2,3-triazol-5-yl]methyl } carbamate; 
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3-{[4<amkomethylMH-12>tri^^ 
1 -yIpyrazine-2-carboxamide; 

3-{[5<aminomethyl)-lH-l,23-^ 
1 -ylpyrazine-2-caiboxamide; 

5,6-bis(4^Morophenyl)-3Kphenoxymethyl)-iV'-piperidin4-ylpyraa 

5,64>is(4^Morophenyl)-3Kmorpholin^ 

carboxamide; 

5,6-bis(4-chlorophenyl)-3^ 
carboxamide; 

5>bis(4-cMoropbenyl)-3^^ 
carboxamide; 

5,6-bis(4-chlorophenyl)- 3- [(cyclohexyloxy)me%l]^-piperidin-l-ylpyraziiie-2- 
carboxamide; 

5,6-bis(4-chlorophenyl)- iV^-hydroxyethyl^iV'-piperidin^-ylpyrazine^^ - 
dicarboxamide; 

5,6-bis(4-chlorophenyl)- iV<3-hy<koxybutyl)^ - 
dicarboxamide; 

5,6-bis(4-chloropheny])- ^-(S-hy^oxypropyO-N'-piperidin-l-ylpyrazine^^ - 
dicarboxamide; 

Terr-butyl 5,6-bis(4-methylphenyl)-3-[( piperidin-l-ylamino)carbonyl]pyraziiie-2- 
carboxylate; 

5,6-bis(4-methylphenyl)-iV-piperidin-l-yl -3 -(lH-tetrazol-l-ylmethyl)pyraziiie-2- 
carboxamide; 

5,6-bis(4-methylphenyl)-iV-piperidin-l-yl -3 -(2H-tetrazol-2-ylmethyl)pyrazine-2- 
carboxamide; 

5,6-bis(4-chlorophenyI)-N-piperidiii-l-yl -3 -(2H-tetra2ol-2-ylmethyl)pyrazine-2- 
carboxamide; 

5,6-bis(4-cMorophenyI)^ 
carboxamide; 
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5,6-bis(4-cMorophenyl)-^ 

2-carboxamide; 

5^bis(4^Morophenyl)-i^ 

ylmethyl)pyrazine-2-carboxamide; 
5,6-bis(4^Morophenyl)-34(2-methoxyeto^ 

carboxamide; 

5 f 6 r bis(4^Morophenyl)-3-[(5^ 
ylpyrazine-2-carboxamide; 

5,6-bis(4^Morophenyl)-3-[(5-cyclopropyM^ 
ylpyrazine-2-carboxamide; 
5,6-bis(4-<:Morophenyl)-3-[(5-ira^ 
2-carboxamide; 

5,6-bis(4-chIorophenyl)-3-[(5-methyl-l^ 
2-carboxamide; 

tert-butyl 6-(4-cUorophenyl)-5-(4-methylphenyl)-3-[(piperidin- 1« 

ylamino)carbonyl]pyrazine-2-caiboxylate; 

tert-butyl 5-(4-chIoropbenyl)-6-(4-methylphenyl)-3-[(piperidin- 1- 

ylainino)carbouyl]pyrazine-2-carboxylate; 

6-(4-chlorophenyl>5-(4-methylphenyl)-AT-piperidin-l-yl-3-^ 

ylmethyl)pyrazine-2-carboxamide; 

5-(4^hlorophenyI)-6-(4-methylpte^ 

ylmethyl)pyrazine-2-carboxamide; 

/erf-butyl 5,6-bis(4-chlorophenyl)-3-{ [(2-hydroxyethyl)(methyl)amino]- 
carbonyl }pyrazine-2-carboxylale; 

5,6-bis-(4-chloro-phenyI)-3-propoxy-pyrazine-2-carboxyIic acid piperidin-l-ylamide; 

5,6-bis(4-cUorophenyl)-iV-piperic^ 

carboxamide 

5,6-bis(4^Moropbenyl)-iV-piperic^ 

5,6-bis(4-cUorophenyl)-3-[(5-morpholin-4-yl-2Jy-tetrazol- 

ylpyrazine-2-carboxamide; 



WO 2004/111034 



111 



PCT/SE2004/000970 



5,6-bis(4-cMorophenyl)-3-[(5-morph^^ 
ylpyrazine-2-carboxamide; 

5,6-bis(4^MOTophenyl>i^piperidm-l-yl-3-[(5-pynoUdin^ 

yl)methyl]pyrazine-2-carboxamide; 

5,6-bis(4-cMorophenyI>A^piperiM 

yl)methyl]pyrazine-2-carboxamide; 

5,6-bis(4-cMorophenyl)-3-{ [5^n^ 

ylpyrazine-2-carboxamide; 

5,64>is(4-cMorophenyl)-3-{[5K^^ 

ylpyrazrae-2-carboxamide; 

5>-bis(4HM>rophenyl)-iVK4,4^ 

carboxamide; 

5,6-bis(4-cbJorophenyl)-i\T-(4,4-difluorocyclohexyl)-3-{[(4- 
fluorobenzyl)oxy]methyl }pyrazine-2-carboxamide; 
5,6-bis(4-cMorophenyl)-3-[(4,4-^^ 
2-carboxamide; 

5,6-bis(4-cMorophenyl)-i\r-(4,4-dffl^^ 
yl)methyl]pyrazine-2-carboxamide; or 
5,6-bis(4-cMorophenyl)-tf-(4,4-difl^^^ 
carboxamide; 

and pharmaceutically acceptable salts thereof. 

7. A compound of formula I as claimed in any previous claim for use as a medicament. 

8. A pharmaceutical formulation comprising a compound of formula I, as defined in any 
one of claims 1 to 6 and a pharmaceutically acceptable adjuvant, diluent or carrier. 

9. Use of a compound of formula I according to any one of claims 1 to 6 in the 
preparation of a medicament for the treatment or prophylaxis of obesity, psychiatric 
disorders such as psychotic disorders, schizophrenia and bipolar disorders, anxiety, anxio- 
depressive disorders, depression, cognitive disorders, memory disorders, obsessive- 
compulsive disorders, anorexia, bulimia, attention disorders, epilepsy, and related 



WO 2004/111034 



112 



PCT/SE2004/000970 



conditions, and neurological disorders such as dementia, neurological disorders, 
Parkinson's Disease, Huntington's Chorea and Alzheimer's Disease, immune, 
cardiovascular, reproductive and endocrine disorders, septic shock, diseases related to the 
respiratory and gastrointestinal systems, and extended abuse, addiction and/or relapse 
indications. 

10. A method of treating obesity, psychiatric disorders, psychotic disorders, schizophrenia 
and bipolar disorders, anxiety, anxio-depressive disorders, depression, cognitive disorders, 
memory disorders, obsessive-compulsive disorders, anorexia, bulimia, attention disorders, 
epilepsy, and related conditions, neurological disorders, neurological disorders, 
Parkinson's Disease, Huntington's Chorea and Alzheimer's Disease, immune, 
cardiovascular, reproductive and endocrine disorders, septic shock, diseases related to the 
respiratory and gastrointestinal system, and extended abuse, addiction and/or relapse 
indications, comprising administering a pharmacologically effective amount of a 
compound of formula I according to claim 1 to a patient in need thereof. 

1 1. A compound as defined in any one of claims 1 to 6 for use in the treatment of obesity. 

12. A compound as defined in any one of claims 1 to 6 in combination with another 
pharmaceutically activre compound. 

13. A process to prepare a compound of formula I according to claim 1 comprising 
a) reacting a compound of formula HI 




III 

in which R 1 , R 2 and R 4 are as previously defined with an amine of formula IV 
R 5 R 6 YNH 2 IV 
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10 



IS. 



in which Y, R 5 and R 6 are as previously defined in a solvent, in the presence of a coupling 
agent and optionally in the presence of a base at a temperature in the range of -25°C to 
150°C to give compounds of formula I in which R 1 , R 2 and R 4 are as previously defined 
and R 3 is COYNRV as previously defined, or 
b) reacting an azide of formula XI 



N 3 
XI 

in which R 1 , R 2 and R 3 are as previously defined 

with ah acetylene of formula XH 

H-C=C-Z 

XII 

in which Z is as previously defined in an inert solvent and optionally in the presence of a 
catalyst at a temperature in the range of -25°C to 150°C to give compounds of formula I 
in which R 1 , R 2 and R 3 are as previously defined and R 4 represents a group CH 2 (1H-1,2,3- 
triazol-l-yl) in which the triazole is optionally substituted on carbon by Z ; or 

c) reacting a compound of formula XTV 




XIV 

in which R\ R 2 and R 4 are as previously defined and R e represents an alkyl group with an 
20 amine of formula IV 

R S R 6 YNH 2 IV 

or a salt thereof in which Y, R 5 and R 6 are as previously defined in a solvent in the 
presence of a coupling agent and optionally in an inert atmosphere at a temperature in the 



WO 2004/111034 



114 



PCT/SE2004/000970 



range of -25°C to 150°C to give compounds of formula I in which R 1 , R 2 and R 4 are as 
previously defined and R 3 is COYNR 5 R 6 ; or 

d) reacting a compound of formula XV 




in which R l , R 2 and R 4 are as previously defined and X represents a leaving group with an 
amine of formula IV 
R 5 R 6 YNH 2 IV 

or a salt thereof in which Y, R 5 and R 6 are as previously defined in a solvent optionally in 
the presence of a base at a temperature in the range of -25°C to 150°C to give compounds 
of formula I in which R 1 , R 2 and R 4 are as previously defined and R 3 is COYNR^ 6 ; or 
d) de-protecting compounds of formula I, in which one or more groups is protected, to 
give a compounds of formula L 

14. A compound of formula XI 




XI 



in which R l , R 2 and R 3 are as previously defined. 
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